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NIGHT  VISION  LABORATORY  STATIC  PERFORMANCE  MODEL 
FOR  THERM  AL  VIEWING  SYSTEMS 


I INTRODUCTION 

The  Night  Vision  Laboraiory  (NVL)  Thermal  Performance  Mode',  is  a computer 
model  to  predict  the  static  detection  and  recognition  performance  of  electro-optical 
imaging  systems  which  are  sensitive  in  the  3-5pm,  and  8-14//m  wavelength  regions  of 
the  electromagnetic  spectrum.  It  was  developed  at  NVL  to  aid  in  the  evaluation  and 
design  of  infrared  systems  for  Aimy  missions,  encompassing  surveillance  and  target 
acquisition  systems  in  missile,  tank,  airborne,  and  aii  defense  applications.  This  model 
has  been  used  by  the  Army  tc  evaluate  contractor  proposals  for  devices  to  fulfill  field 
requirements  and  to  recom  t nd  and  give  guidance  to  various  commands  and  their 
contractors  on  future  system,  characteristics  and  configurations.  Examples  of  calcu- 
lations from  this  model  can  be  found  in  several  papers  presented  at  the  IRIS  Specialty 
Group  on  Imaging.1  J 

The  model  predictions  are  for  detection  and  recognition  as  a function  of  range 
for  a given  target,  aspect,  and  atmosphere.  It  is  a static  model  since  it  considers  target 
acquisition  in  which  the  target  is  in  the  device  field  of  view  and  its  position  is  a priori 
known  to  the  observer.  No  search  of  the  device  field  of  view  or  a search  field  is 
involved. 

The  model  simulates  mathematically  the  real-world  target,  atmosphere,  device, 
and  observer;  then  it  makes  a calculation  on  the  subjective  detectability  or  recogniza- 
bility  of  the  target.  The  characterization  of  the  target,  background,  atmosphere,  device, 
and  observer  is  a straightforward  mathematical  analysis.  The  method  of  representing 
the  target  and  atmosphere  and  the  equations  for  device  MTF,  NEAT,  MRT,  and  MDT 
are  relatively  simple.  However,  the  subjective  decision-making  behavior  must  be 
empirically  derived  from  existing  field  and  laboratory  perception  data.3  4 5 6 This 

1 W.  R.  Lawson  and  J.  A.  Ratches,  “Thermal  Imaging  Systems  Models,"  Proc  of  IRIS  Specialty  Group  on  Imaging, 
Nov.  1972  (Confidential). 

n 

J.  Johnson  and  W.  R.  Lawson,  “Performance  Modeling  Methods  and  Problems,”  Proc  of  IRIS  Specialty  Group  on 
Imaging,  Jan,  1974  (Confidential). 

J 

J.  R.  Moulton,  el  aL,  "A  Search  Performance  Test  on  Ground-Based  Thermal  Imaging  and  Pulse-Gated  Intensifier 
Night  Vision  Systems,"  U.S.  Army  Electronics  Command  Report  7028,  June  1973  (Confidential). 

* J.  Swiatak,  “Field  Performance  Evaluation  of  TINTS  Night  Sigl.t  Systems,”  U.S.  Army  Electronics  Command 
Report  7035,  Jan.  1973  (Confidential). 

® J,  Swistak,  “Field  Performance  Evaluation  of  TOW  Night  Sight  Systems,”  U.S.  Army  Electronics  Command 
Report  7033,  Jan.  1973  (Confidential). 

**  Unpublished  test  report  of  airborne  FLIR  against  ground  targets  by  NVL  in  summer  1973. 
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data  base  then  represents  the  validation  for  the  model;  and  the  agreement  with  this 
data  base,  in  turn,  determines  the  reliability  of  the  model. 

The  current  computer  model  used  by  NVE  for  performance  predictions  is  de- 
scribed in  the  following  sections.  The  target,  background,  and  atmosphere  are  con- 
sidered together  since  they  can  be  described  rather  easily  after  several  simplifying 
assumptions.  The  device  and  eyeball  are  represented  together  in  the  MTF,  NE  AT, 

MRT,  and  MDT  calculations  which  are  straightforward  but  extensive.  If  experimental 
MTF,  NE  AT,  and  MDT  were  available,  performance  could  be  obtained  from  them. 
However,  since  the  model  is  intended  as  a design  aid,  these  quantities  must  be  computed. 
Finally,  the  recognition  and  detection  models  are  described,  followed  by  the  substan- 
tiating field  data.  The  actual  computer  program  and  other  documentations  are  found 
in  Appendices  A through  D. 

II.  TARGET,  BACKGROUND,  AND  ATMOSPHERE 

One  of  the  main  problems  in  performance  modelling  is  to  obtain  an  exact  target 
signature.  The  infrared  (IR)  signature  of  any  target  must  be  obtained  by  a ground- 
truth  team  in  the  spectral  regions  of  interest.  The  problem  is  further  complicated  by 
the  fact  that  one  target  can  have  many  different  signatures  under  various  operational 
and  environmental  conditions.  Besides  the  obvious  case  of  cair  ouflage,  the  differences 
between  a running  vehicle  and  a cold  target  are  more  than  difftrent  radiance  levels. 

"Hot  spots”  may  appear  on  the  running  target  which  present  features  to  the  observer 
which  can  “cue”  his  detection  or  recognition.  Wide  distinctions  among  running  vehicles 
or  stationary  vehicles  occur  due  to  meteorological  conditions.  Hence,  v natever  the 
target  situation.,  thermographic  data  must  be  taken  to  document  a field  test  or  the 
target  situation  must  be  exactly  specified  to  make  predictions. 

In  the  computer  model,  we  cannot  easily  describe  all  the  complex  target  character- 
istics corresponding  to  the  real-world  IR  signature  from  execution  ti..ic  considerations. 
Therefore,  we  utilize  only  the  overall  general  features  of  the  target  such  as  size  and 
average  temperature  difference  from  the  background.  The  resulting  predictions  then 
correspond  to  the  results  of  a large  ensemble  of  experiments.  However,  the  resuits  of 
any  specific  experiment  with  its  unique  target  signature  will  n >t  necessarily  come  close 
to  the  predictions  for  the  general  ensemble. 

The  model  target  is  a rectangle  with  a uniform  temperature  difference  AT  from 
the  background.  Since  only  a uniform  target  is  input,  the  model  approximates  the 
real  target  with  varying  credibility  depending  on  the  nature  of  the  target  cues.  The 
dimensions  of  the  target  rectangle  are  chosen  such  that  the  areas  of  the  real  target  and 
the  rectangle  are  equal.  The  smaller  model  dimension  is  taken  equal  to  the  real  target 
critical  dimension  - usually  the  minimum  dimension.  In  the  example  of  a side  view 
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of  an  America’,  tank,  its  minimum  dimension  is  2.7  m and  that  is  chosen  as  the  rec- 
tangle height.  The  rectangle  length  is  then  whatever  length  gives  an  area  equal  to  the 
real-world  object. 


The  temperature  difference  AT  associated  with  the  target  is  an  area-weighted 
average  temperature  difference  across  ti.e  entire  signature.  If  an  object’s  thermograph 
is  divided  into  areas  At  of  average  constant  temperature  T(,  then  the  average  target 
temperature  is  defined  as 


AVG 


Ea,?, 

z*r 


(i) 


The  average  temperature  difference  ATaVG  is  then  the  difference  between  TAVG  and 
average  background  temperature  TfiAC , i.e., 

ATAVg=tavg-Tbac  • (2) 

A list  of  A T^vc ’s  and  target  dimensions  from  a typical  field  test  is  shown  in  Table  1. 


Table  1.  Average  AT’s  and  Dimensions  for  Military  Targets 
in  a Typical  Summer  Field  Test 


Target 

ATavg(°C) 

Area  (m  x m) 

Tank/Side 

5.25 

2.7  x 5.25 

Tank/Front 

6.34 

2.7  x 3.45 

2'A-Ton/Side 

10.40 

0.83  x 4.22 

2'/j-Ton/Front 

8.25 

2.03  x 1.67 

APC/Side 

4.67 

i.8  x 4.8 

APC/Front 

5.65 

1.8  x 2.09 

Man 

8.0 

0.5  x 1.5 

The  background  temperature  was  specified  by  one  temperature  TBAC . This  is 
obviously  a simplification  for  ull  scenarios  except  that  of  an  aircraft  against  a uniform 
sky  background.  Hence,  the  predictions  will  predict  field  behavior  only  when  back- 
ground clutter  does  not  have  an  effect  on  the  performance. 

Power  difference  is  a more  fundamental  quantity  than  temperature  difference. 
Therefore,  ATavg  is  converted  to  a power  signal  by  using  He  Planck  Radiation  Law. 
For  a given  temperature  T,  Nx  watts/cm2/sr/p  are  emitted  according  to 
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N = ?cih  eJM 

* Xs  exp  (hc/XkT)  - 1 


(3) 


at  wavelength  X.  Terms  c,  k,  and  h are  the  usual  constants  and  e (X)  is  the  emissivity. 
The  target  model,  therefore,  gives  approximately  the  same  total  emitted  power  as 
from  the  real  target. 

Atmospheric  transmission  is  another  major  problem  for  modellers.  In  order  to 
specify  an  atmosphere  completely,  the  aerosol  must  be  uniquely  defined  which  implies 
knowledge  of  particle  size  and  distribution.  These  last  atmospheric  parameters  are 
difficult  to  measure  and,  consequently,  seldom  carried  out.  In  addition,  a model  based 
m the  exact  Mie  scattering  theory  would  be  too  cumbersome  and  time  consuming  to 
use  in  performance  model  applications.  Therefore,  several  simplifying  assumptions 
must  be  made  for  a viable  engineering  model. 

The  atmosphere  is  assumed  to  be  specified  by  three  easily  measurable  parameters 
which  are  readily  understood  bv  field  commanders.  They  are  air  temperature,  relative 
humidity,  and  visibility.  Although  these  parameters  do  not  uniquely  characterise  the 
meteorological  environment,  it  is  assumed  that  the  atmosphere  can  be  broken  up  into 
an  absorption  component,  which  is  determined  by  the  air  temperature  and  relative 
humidity,  and  a scattering  component  which  is  determined  by  the  visibility.  Trans- 
mission is  calculated  separately  for  each  component,  and  total  transmission  is  the 
product  of  the  components. 

One  method  to  calculate  the  transmission  through  an  absorbing  atmosphere  of 
water  vapor  and  carbon  dioxide  is  given  by 

ta  = .57  [a(X)-LOG10  (RW)]»  ,4 

* 1 + [.5a(X)-LOG,0  (HW)]J)  W 


where  a (X)  is  a spectrally  dependent  constant  for  water  vapor  or  carbon  dioxide,  R is 
the  range  in  kilometers,  and 

( 4.6  x 10'3  +2.1  x 10  s (TAlR  + 5)J  R.H.  for  H20 
W (1.0  forCOj.  ( ) 

A list  of  a (X)’s  is  given  in  the  computer  model  in  Appendix  C.  TAIR  ; the  air  tempera- 
ture in  degrees  Centigrade  and  R.H.  is  the  relative  humidity  in  percent.  Equation  (4) 
is  a Lorentzian  line  shape  fit  to  transmission  data  in  the  Geophysical  H&.iUbook.7 

^ J.  N.  Howard,  "Atmospheric  Absorption,"  S.  L.  Valley,  Ed.,  Air  Force  Cambridge  Res.  Lab.,  Cambridge,  Mass., 
1965,  Sec.  10.2. 
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The  scattering  pert  of  the  atmospheric  model  is  a spectrally  dependent  Beer’s 
Law  function.  The  transmission  due  to  scattering  is  given  by 

T?  = (6) 

where  a (X)  is  the  scattering  coefficient  and  R is  the  range  in  kilometers.  We  associate 
a set  of  a (X)’s  for  various  visibility  ranges,  where  visibility  range  is  found  by 

V 02  = 3.912/a  (5500  A),  (?) 

where  V 02  is  the  visibility  range  for  2 percent  contrast  un,J  y (5500  A)  is  the  attenua- 
tion coefficient  at  5500  A.  The  relationship  between  a (X)  and  visibility  range  can  be 
taken  from  data  such  as  that  presented  by  Barhydt8  based  on  work  by  Dermendjian9 
and  Rensch.10  Table  2 shows  a typical  set  of  a’s  for  the  selected  visibility  ranges  in 
Figure  1. 


Table  2.  Scattering  Coefficients  as  u Function  of  Wavelength  for  Several  Visibilities 


Wavelength  (p) 

Visibility  Range  (km) 

44.5 

9.8 

2.8 

1.0 

Scattering  Coefficients  (km-1) 

Clear 

Light  Haze 

Heavy  Haze 

Light  Fog 

3.0 

.0261 

0.3 

1.1 

4.0 

3.25 

.0223 

0.26 

1.2 

4.0 

3.5 

.0189 

0.24 

1.3 

4.0 

4.0 

.014 

0.20 

1.4 

4.0 

4.25 

,0126 

0.17 

1.6 

4.0 

4.5 

.0109 

0.16 

1.8 

4.0 

5.0 

.0088 

0.15 

2.0 

4.0 

8.0 

.0079 

.07 

0.4 

1.1 

9.0 

.0064 

.05 

0.35 

1.06 

9.5 

.0058 

.045 

0.33 

1.03 

10.0 

.0053 

.035 

0.30 

1.0 

10.5 

.0048 

.034 

0.26 

0.96 

11.0 

.0045 

.032 

0.23 

0.93 

12.0 

.0038 

.03 

0.20 

0.90 

® H.  Barhydt,  “The  Application  of  Infrared  Technology  for  Aircraft  Landing  Aida,”  presented  at  Air  Transport 
Asaoc.  Symposium  on  Kiiuol  Enhancement  in  floor  (Leather  (All-Weather  Operations  Committee,  8 May  1969). 

9 I).  Diermendjian,  “Scattering  and  Polarization  Properties  of  Polydispersed  Surpensions  with  Partial  Absorption,” 

Electromagnetic  Scattering  (Proc.  Interdisciplinary  Conference  on  Electromagnetic  Scattering),  ed.  M.  Kerker, 
Pergamon  Press,  New  York  ( 1963),  pp.  171-189. 

^ 1).  itensch,  “Survey  Report  on  Atmospheric  Scattering,”  Ohio  State  University  Electro-Science  Laboratory, 
Columbus,  Ohio,  May  1968,  AD  831666. 


Figure  1.  Relationship  between  scattering  coefficient  and 
wavelength  for  several  visibilities  (taken  from  D.  Rensch). 


The  total  atmospheric  transmission  is  then 

ip  TOTAL  _ rfS  mA  /ov 

r X ■ Tx  x 

where  Ts  and  TA  are  given  by  equations  (6)  and  (4). 

For  most  calculations  when  the  visibility  ranges  are  not  too  severe,  a modified 
version  of  the  Air  Force  Cambridge  Research  Laboratory  (AFCRL)  model  LOWTRAN 
II  is  used  to  ca!  (date  transmission.11  It  has  been  modified  to  increase  its  execution 
speed  by  removing  the  slant-range  calculation  a 4d  doing  the  transmission  calculations 
only  over  the  infrared  sp  -ctral  bend  of  interest.  The  only  reservation  in  universal 

11  R.  A.  McCUtchey,  «t  at,  "Optical  Properties  of  the  Atmosphere,'’  D.D.C.  No.  AL)  726-116,  Air  F iree 
Cambridge  Res,  Lab.,  Cambridge,  Mam,  (1971). 


application  of  LOWTRAN  11  is  that  it  does  not  handle  vet y low  visibilities  corresponding 
tc  thiek  fogs.  Work  is  presently  being  done  ut  AFCRL  to  extend  the  range  of  appli- 
cability of  this  model.  Simple  models  for  smoke,  ruin,  and  fog  have  been  added  to 
the  LOWTRAN  subroutine  in  the  model.  These,  along  with  further  explanations  of  the 
atmospheric  models,  will  be  found  in  a forthcoming  report  by  Bergemunn  of  N VI,.12 

III.  DEVICE  AND  EYEBALL 

The  performance  model  described  in  this  report  predicts  probability  of  recogni- 
tion and  detection  based  upon  the  predicted  system  minimum  resolvable  temperature 
(MRT)  and  minimum  detectable  temperature  (Ml)T).  It  is  the  basic  assumption  of 
this  model  that  these  quantities  directly  determine  field  performance.  These  quantities 
are  defined  und  derived  in  later  sections  and  in  Appendix  A from  the  same  signal-to- 
noise  ratio  expression. 

In  order  to  calcidnte  MRT  and  MDT,  we  need  to  first  predict  the  signal-transfer 
characteristics  and  noise  characteristics  of  the  device  und  eyeball.  The  signal  transfer 
is  represented  by  the  transfer  function  or  approximately  by  the  modulation  transfer 
function  (MTF).  The  noise  characteristics  are  specified  by  the  noise  equivalent  temper- 
ature difference  (NE  AT).  The  next  sections  describe  the  MTF  and  NE  AT  calculation. 

A.  MTF.  The  signal  out  of  a linear  electronic  processor  is  the  convolution  of 
the  spread  function  of  the  processor  with  the  input  signal.  If  the  processor  is  made  up 
of  several  components,  then  each  spread  function  must  be  convolved.  This  can  be  a 
•edious  process.  However,  the  output  signal  in  frequency  space  is  just  the  multiplica- 
tion of  the  transform  of  the  input  signal  and  the  transfer  functions  of  the  components. 
The  transfer  functions  are  the  fourier  transforms  of  the  component  spread  functions, 
and  the  magnitude  of  the  transfer  function  is  the  MTF. 

Let  us  consider  the  breakdown  of  an  infrared  imaging  system  and  eyeball 
into  its  component  parts  as  shown  in  Figure  2.  The  objective  optics  focus  the  signal 
energy  from  the  target  which  has  been  degraded  by  the  atmosphere.  A mechanical 
scanner  paints  the  scene  on  the  detector  array.  The  photon-sensitive  detector  trans- 
duces the  infrared  signal  into  an  electrical  signal,  and  it  is  processed  along  with  the 
system  noise  by  the  electronics.  The  processed  signal  and  noise  are  finally  re-imaged 
on  a screen  by  the  display.  The  visual  scene  on  the  display  is  filtered  by  the  observer’s 
eyeball,  and  a decision  is  then  made  according  to  the  task  assigned.  We  shall  now  con- 
sider the  transfer  characteristics  for  each  of  these  component  processes. 
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Unpublished  report  on  Atmospheric  Models  by  R.  Rergemann  of  NVL. 
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Figure  2.  Block  diagram  of  sensor/eyeball  system  components. 


1.  Optics.  As  in  most  calculations  by  this  model,  there  are  options  to  the 
method  of  MTF  generation.  If  an  exact  MTF  as  a function  of  frequency  is  known,  it 
may  be  read  into  the  model  directly ; if  not,  an  or(:cal  MTF  is  calculated  from  the 
product  of  a diffraction-limited  transfer  func  Jnn  md  a geometric-blur  transfer  func- 
tion. The  diffraction-limited  MTF13  as  a function  of  spatial  frequency  I (cycles/mr) 
for  optics  with  F-number  F#  and  focal  length  C in  micrometers  and  at  wavelength  X 
in  micrometers  is  giver,  by 

H0pt  =~  [cos'*  (A)  - A (1-  A2)*4],  (9) 


where 


A = X F#  f x/E.  (10) 

Cylindrical  symmetry  is  assumed  and  equation  (9)  is  used  for  the  vertical  direction 
transfer  characteristic  also.  A gaussian  geometric  blur  is  assumed  of  the  form 

HBLUR=  exp(-bf3).  (11) 

The  resultant  optical  MTF  is  then  the  product  of  the  diffraction  and  geometric 
components. 


2.  Detector.  The  detector  has  two  effects  which  contribute  to  the  system- 
transfer  characteristics.  First,  it  acts  as  a spatial  filter  because  of  its  finite  size.  Second, 
it  acts  as  a temporal  filter  because  of  its  finite  response  time.  The  spatial  and  temporal 
frequencies  are  related  through  the  scan  velocity  v,  by 


E.  L.  O’Neill,  Introduction  to  Statistical  Optics,  Addison.  Wesley  (1963),  p.  84. 
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f(Hz)  = v (MR/SEC)  fx  (CY/MR). 

The  detector  spatial  filtering  in  the  horizontal  or  vertical  direction  is  given  by 
HDET  <«,>  = sin(7rfxX)/(7rfxX), 


(12) 


(13) 

where  X is  the  instantaneous  field  of  view  (IFOV)  of  the  detector  in  that  direction. 

The  IFOV  is  the  angular  subtense  of  the  detector  in  the  objective  focal  plane.  The 
detector  temporal  response  contributes  significantly  to  the  horizontal  spatial  response 
when  the  detector  dwell  time  is  very  short  as  in  serial  processors.  In  this  case,  the 
charge  carri«  i in  the  detector  material  do  not  have  enough  time  to  fully  react  to  the 
scene  changes  irradiating  an  IFOV.  The  temporal  transfer  function  for  this  phenomenon 
is  approximated  by  an  RC  roll-off : 

%ET(f)  = l/[l+(f/f*)2)*,  (14) 

where  f*  is  the  3-dB  point  in  hertz  of  the  detector  response.  Equation  (14)  becomes 

HDE, 

using  equation  (12)  to  transform  to  spatial  frequency  space. 

3.  Electronics.  Usually,  the  passband  associated  with  the  amplifiers  is 
very  broadband  compared  to  other  system  component  filters.  However,  if  there  is  a 
non-negligible  bandwidth  in  the  electronics,  it  may  be  read  as  a model  input  or  cal- 
culated using  an  RC-circuit  roll-off  again  in  temporal  frequency  space, 

HEL£CT<f)  = l/ll  + (f/f0)2]H>  (15) 

where  f is  the  3-dB  point  on  the  RC  filter.  In  the  case  where  an  electronic  boost  is 
present  in  the  system,  such  as  an  aperture  correction,  the  boost  MTF  may  be  read  as 
an  input;  or  a standard  form14  for  the  boost  transfer  function  can  be  used  given  by 

Hb  (f)  = 1 + (K-l)/2  [1  - cos  (rrf/fMAX)],  (16) 

where  K and  fMAX  determine  the  amplitude  and  frequency  of  the  boost.  Equations 
(15)  and  (16)  can  be  transformed  to  spatial  frequency  space  through  use  of  equation 
(12). 


Discussions  with  various  engineers  at  Hughes  Aircraft  Co. 
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In  a parallel  scanning  system  which  is  electro-optically  multiplexed,  the 
LED  emitters  and  TV  vidicon  must  be  included  in  the  system-transfer  characteristics. 
The  LED  filter  function  is 

HLED<fx)=  sin  (jrfxX)/(rrfxX)  (17) 

in  the  two  spatial  directions,  where  x is  the  diode  angular  subtense  in  object  space. 

The  vidicon  MTF  is  read  in  as  a system  input,  including  any  boosting  in  the  camera. 

4.  Duplay.  The  display  transfer  function  is  the  fourier  transforr . of  the 
display  spot  size.  In  the  case  of  an  LED  display,  we  use  an  MTF  in  both  spatial  di- 
mensions similar  to  equation  (17).  For  a CRT  display,  we  assume  a gaussian  spot  shape 
and,  consequently,  a gaussian  transfer  function.  The  exact  form  used  is 

HCRT(fx)=exp<-afx2).  (18) 

5.  Stabilization.  Airborne  FLIft’s  are  operated  on  a stabilized  platform 
to  damp  out  aircraft  vibration.  The  vibration  cannot,  however,  be  entirely  removed, 
and  it  does  degrade  the  image  to  the  observer.  We  represent  this  vibration  with  an 
MTF  “destroyer,”  or  simply  another  MTF.  This  line  of  sight  (LOS)  stabilization  MTF 
can  either  be  read  as  a model  input  or  assumed  to  be  gaussian  and  have  the  form 

HLOS(fx)=exP(-Pfx2)-  (19> 

where  P is  calculated  from  the  variance  of  the  vibration  stabilization. 

6.  Eyeball.  The  last  system  component  is  the  observer’s  eye.  The  form 
used  for  the  eyeball  transfer  function  is  a simplified  version  of  the  form  found  in  work 
done  by  Kornfeld  and  Lawson.13  The  MTF  has  the  form 

HEYE  <f„>  = <20> 

for  the  two  spatial  directions,  where  T is  a light-level-dependenl  parameter  and  M is  the 
system  magnification.  Table  3 shows  the  dependence  of  T on  the  logarithm  of  the 
light  level.  The  light  level  is  determined  by  the  average  display  brightness  from  the 
scene. 


B.  NE  AT.  The  noise  equivalent  temperature  difference  (NEAT)  of  a system  is 
a measure  of  detector  sensitivity.  The  NE  AT  used  in  this  model  is  the  peak  signal-to- 
rms  noise  NE  AT  for  an  electronic  noise  bandpass  of 

G.  Kornfeld  and  W.  R.  Lavnn,  “Visual  Perception  Model,”  J.  Opt.  Soe.  Am.  61. 81 1 ( 1971 ). 
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Table  3.  f as  a Function  of  Log  Light  Level  for  the  Eyeball  MTF 


r 

Log  (Light  Level  in  fL) 

.81333 

3 

.9598 

2 

1.0980 

1 

1.4650 

0 

1.8300 

-1 

2.2773 

-2 

2.7653 

-3 

3.3347 

4 

3.9040 

-5 

Af.  = / s «»  helect  <f>  «B  <f)  (f>  df.  (21) 

o 

where  the  detector  noise  power  spectrum  S(f)  is  a normalized  noise  power  spectrum 
from  the  detector  (i.e.,  S(f)  equals  1.0  at  some  measuring  frequency  fc)  and  HFLECT(f) 
and  HB(f)  are  defined  in  equations  (15)  and  (16).  HMD  (f)  is  the  measuring  device 
MTF.  In  an  NE  AT  measurement,  an  electronic  filter  with  3-dB  cut  off  at  lA  t hertz 
is  used,  where  t is  the  detector  dwell  time.  Under  these  conditions  11ELE(;T  and  Hfi 
are  usually  1.0  and  the  HMD  filter  is  just  equation  (15)  with  fD  equal  to  Vir.  If  S(f)  is 
known,  then  equation  (21)  is  carried  out  exactly.  However,  if  S(f)  is  white  'hen 
equation  (21)  reduces  to 

Af»iAt<  = I (s)  <22> 

where  Afe  is  the  electronic  bandwidth.  The  inverse  of  the  dwell  time  t is  given  by  the 
number  of  resolution  elements  per  second,  or 

1 _ “^R  ^ovsc  /rio, 

--  - , 

r II  Ax  Ay  nsc 

where  a and  0 are  the  horizontal  and  vertical  fields  of  view  (FOV),  FR  is  the  frame 
rate,  tjovsc  ‘8  owr8can  ratio,  n is  the  number  of  detectors  in  parallel,  Ax  and  Ay 
are  the  IFOV’s  in  x and  y,  and  tjgc  is  the  scan  efficiency. 


The  NE  AT  for  a detector-noise-limited  system  is  given  by 
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(24) 


where  F is  the  objective  F-number,  Ad  is  the  detector  area  in  square  centimeters,  Ta 
is  atmospheric  transmission  over  the  pat1*  the  NE  AT  is  measured,  tq  is  the  optical 
transmission,  AX  is  the  spectral  bandpass,  D*  is  the  detector  specific  detectivity,  N is 
the  number  of  detectors  in  series,  and  is  the  temperature  derivative  of  the  Planck 
radiation  (equation  (3)).  The  N series  detectors  are  assumed  to  have  uniform  Dx . A 
derivation  is  given  in  Appendix  A.  A shot-noise-limited  system  NE  AT  is  given  by 


4F2  (A in)v-  sin  (0/2) 


NEAT  = 


it  A' 


r.r0ym  f 0 

"'aX 


* * 

X 


(25) 
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where  0 is  the  cold  shield  angle  of  the  detector  geometry  and  I\  is  the  shot-noise 
limited  specific  detectivity  which  is  independent  of  detector  field  of  view. 

C.  MRT.  The  minimum  resolvable  temperature  difference  (MRT)  in  the  scanning 
direction  is  defined  as  the  minimum  temperature  difference  needed  to  resolve  a stand- 
ard four-bar  pattern  with  7:1  aspect  ratio  orienled  vertical  to  the  scan.  MRT  will  be  a 
function  of  bar  frequency.  The  MRT  can  be  calculated  once  the  NE  AT  and  component 
MTF’s  have  been  computed,  and  its  form  is  derived  in  Appendix  A.  In  the  scanning 
direction,  i e.,  the  bars  oriented  vertically,  MRT  is  given  by 


MRT(f  ) = SNR 


NE  AT 


4x/l4  MTFT0T(fx) 


AyvfxQ(fx) 

FR  ^OVSC 


'A 


(26) 


where 

SNR 

MTFT0T(fx) 

Ay 


signal-to-noise  ratio  necessary  to  recognize  the  four-bar  pattern. 

H0pT  ’ Hdet  • Hdrt  • Helect  • Hb  • Hdisplay  *Heye  * H,  os  = Hn(fx). 

vertical  IFOV  in  mr. 

detector  scan  velocity  in  mr  per  second. 

target  frequency  in  cycles  per  mr. 
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Fp  = frame  rate  per  second 

rj0  y sc  = ovcrscan  ratio 

tp  = eye  integration  time  =*  .2  second 

•9 

o 

S(f  ) = noise  power  spectrum  out  of  detector 

Hw  (fx)  = target  filter  function  of  bar-width  w. 

HN(fx)  = noise  filter  function  from  detector  to  display. 


An  MRT  in  the  vertical  direction,  e.gM  bars  parallel  to  the  scan  direction,  can  be  de- 
fined and  is  given  by  (Appendix  B): 


NEAT 


MRT(f.>  " SNR4i7H 


Ay  v fy  QQ 
^nlE7>OVSC 


(27) 


where 


MTFxor(fy)  = Hon.  • Hdet  • HD|SPI.AY  ‘ ^EYE  ' ^LOS 
f = target  frequency  in  cycles  per  mr. 


QO  09 
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H2  = target  filter  function  of  bar  length  1,  - 7W. 

Li 

This  vertical  MRT,  in  which  sampling  effects  are  averaged  out,  is  nn  attempt  to  consider 
the  effects  of  vertical  resolution  on  overall  system  performance.  It  is  still  a contro- 
veisial  quantity  and  totally  unvalidated.  However,  NVL  is  activel)  engaged  in  pursuing 
this  concept  as  a measure  of  system  behavior. 

Figure  3 illustrates  tl  e form  of  MRT.  At  each  frequency  fc,  there  is  a mini- 
mum temperature  difference  ATC  necessary  to  resolve  the  four  bars.  There  is  a fre- 
quency f R at  which  the  MRT  becomes  infinite  (the  MTF  equals  zero),  and  no  amount 
of  signal  will  resolve  the  bars.  For  a system  with  no  icgradation  after  the  detector,  fR 
equals  the  reciprocal  of  the  IFOV.  Although  bars  cm  theoretically  be  resolved  beyond 
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this  .requency  because  of  the  wings  of  the  sine  function,  practically  it  is  a limit  to  sys- 
tem resolution.  R,eal  systems  attain  only  60  to  90  percent  of  this  theoretical  cutoff  fR . 


D.  MDT.  The  minimum  detectable  temperature  (MDT)  of  a thermal  device  is 
defined  as  the  minimum  temperature  difference  between  a square  (or  circular)  target 
and  the  background  necessary  for  an  observer  to  perceive  the  source  through  the  device. 
MDT  is  then  a function  of  target  size  and  represents  the  threshold  detection  capability 
of  the  system.  It  can  be  derived  from  the  same  signal-to-noise  expression  as  that  used 
to  derive  MRT.  The  result  from  Appendix  A is 


NEATS' 

Ayv  1 

At  f Hj  Hp  daf 

’Jovsc  ^RtgAfn 

(28) 
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At  = target  area  in  square  mi'hradians 
S'  = threshold  signal-to-noise  ratio 

= target  transform  =•  HL  x 
Hd  = total  device  and  eyeball  MTF  = MTFtot  . 

Figure  4 illustrates  the  form  of  MDT  as  a function  of  reciprocal  target  size. 
For  any  target  size  a in  millir  adians,  there  is  a ATn  which  is  the  minimum  temperature 
difference  necessary  for  the  target  to  be  detected.  There  is  no  asymptote  foi  MDT  as 
there  is  for  MRT  since  any  size  source  can  be  detected  if  hot  enough.  An  arbitrarily 
small  target  'jan  be  detected  if  its  signal  strength  is  large  enough  to  excite  one  IFOV, 
i.e.,  a thermal  device  is  capable  of  “star  detection." 
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Figure  4.  Representative  MDT  curve. 


IV.  RECOGNITION 

Recognition  is  a level  of  discrimination  between  specific  objects  in  a class  of 
similar  objects.  The  class  of  objects  may  be  all  vehicles  of  military  interest.  The  speci- 
fic objects  are  tank,  APC,  etc.  The  difficulty  of  the  discrimination  le\e!  varies  with  the 
amount  ot  detail  needed  to  make  a distinction  between  targets,  which  in  turn  is  a func- 
tion of  the  number  of  objects  in  the  class  and  the  similarity  of  the  objects.  In  typical 
Army  surface-to-surface  scenarios,  the  discrimination  is  usually  between  tank,  APC, 
2‘/$-ton  truck,  jeep,  and  man  in  the  front,  3ide,  or  three-quarters  aspect.  Surface-to-air 
recognition  is  between  fixed  wing  and  rotary  aircraft.  The  Naval  recognition  task  may 
correspond  to  a warship  or  a cargo  ship  distinction. 

The  NVL  model  approach  to  recognition  performance  is  based  upon  a concept 
originally  proposed  by  Johnson.16  This  method  assumes  that  target  recognition  prob- 
ability is  a function  of  the  num  - of  cycles  of  a “target  equivalent”  bar  pattern  which 
can  be  resolved  across  the  .ninimam  target  dimension;  a “target  equivalent”  bar  pattern 
is  one  whose  bars  have  a tempe'ature  difference  equal  to  that  of  the  target.  In  other 
words,  recognition  probability  is  a function  of  WT  fo  where  WT  is  the  critical  dimen- 
sion of  the  target  and  fQ  is  the  maximum  frequency  bar  target  equivalent  bar  pattern 
(having  bar  temperature  equal  to  the  target  temperature)  which  can  be  resolved  by  an 
observer  looking  at  the  bars  through  the  device.  This  method  has  been  further  de- 
veloped in  a more  recent  paper  by  Johnson  and  Lawson.17 

The  probability  of  target  recognition  PR  is  given  in  general  by 


PR  =J  P(REC  I N CYCLES)  p (N  r VCLES)  dN, 


where  P(ftECl  N CYCLES)  is  the  probability  of  target  recognition  given  N cycles  are 
resolvable  across  the  critical  dimension  discussed  above  a;  d p (N  Cycles)  dN  is  the 
probability  that  the  number  of  cycles  which  can  be  resolved  is  between  N and  N + dN. 
In  general,  p (N)  must  be  determined  from  probability  versus  signal-io-noise  calcula- 
tions. However,  Johnson  and  Lawson18  have  shown  that  there  is  no  significant  error 
introduced  in  PR  if  p (N)  is  replaced  by  the  delta  function  5 (N-N0),  where  Nfl  is  the 
number  of  cycles  corresponding  to  the  threshold  frequency  for  the  target  temperature 
difference.  Thus,  in  practice,  PR  is  given  by 


^ J.  Johnson,  "Analysis  of  Image  Forming  Systems,”  Proc.  of  Image  Intcnsifier  Symposium,  1958,  pp.  249-273. 
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1 ' J.  Johnson  and  W.  R.  Lawson,  “Performance  Modeling  Methods  and  Problems,”  Proc.  of  IRIS  Specialty  Group 
on  Imaging,  Jan.  1 974 (Confidential). 
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J.  Johnson  and  W.  R.  Lawson,  “Performance  Modeling  Methods  and  Problems,”  Proc.  of  IRIS  Specialty  Group 
on  Imaging,  Jan.  1974  (Confidential). 
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PK  = P(RECIN0  cycles). 


The  relationship  between  probability  of  recognition  P(REC|  NQ ) and  number  of 
resolution  cycles  across  a target  is  a fundamental  relationship  which  must  be  determined 
on  the  basis  of  existing  field  data.  Investigation  of  experimental  results  shows  that  this 
relationship  is  also  dependent  on  the  azimuth  angle  of  the  target.  For  example,  whereas 
it  might  take  three  cycles  across  the  side  view  of  a vehicle  for  50%  probability  of  recog- 
nition, it  takes  four  cycles  across  the  front  view  to  recognize  with  the  same  level  of 
certainty.  This  variation  with  aspect  is  especially  pronounced  in  tasks  involving  ship 
and  aircraft  targets.  The  resolution  needed  to  recognize  the  bow  aspect  of  a ship  is  in 
most  cases  many  times  greater  than  that  needed  for  the  beam  aspect.  Table  4 shows 
the  several  relationships  which  are  prime  candidates  for  this  fundamental  functional 
dependence  of  recognition  on  resolvable  cycles  for  Army  terrestrial  targets  and  most 
side-view  military  targets.  The  most  correct  relationship  is  probably  somewhere  be- 
tween these  two  extremes. 


Table  4.  Probability  of  Recognition  as  a Function  of  Number  of  Cycles  Across 
Target  Critical  Dimension  for  Army  Vehicles 


Prob  oi  Recog 

# of  Cycles 

# of  Cycles 

1.0 

12 

9 

.95 

8 

6 

.80 

6 

4.5 

.50 

4 

3 

.30 

3 

2.25 

.10 

2 

1.5 

.02 

1 

.75 

0 

0 

0 

Tb  method  of  determining  resolution  across  a target  to  establish  P(REC|No)  has 
been  historically  to  use  the  horizontal  or  scanning  direction  resolution  capability 
against  the  target  minimum  dimension  which  is  usually  vertical.  This  does  not  take 
into  account  vertical  resolution  or  the  sampling  effects  in  .hat  direction.  Frequently, 
vertical  resolution  is  noticeably  ■ orse  than  the  resolution  in  the  scanning  direction, 
and  some  account  should  b»*  taken  of  it.  Work  is  presently  being  conducted  to  consider 
if  some  sort  of  averaging  method  between  the  two  directions  is  desirable  (gr.es  better 
results).  Considerations  like  these  along  with  differences  between  field  and  laboratory 
results  and  uncertain! y in  the  true  critical  dimension  create  uncertainty  in  tin;  exact 
relationship  between  i ^cognition  probability  and  number  of  resolvable  cycles. 


The  number  of  cycles  across  the  targt  1 is  obtained  from  the  MRT  curve.  The 
temperature  difference  ATr  a miable  it  ti  e sensor  after  attenuation  by  the  atmosphere 
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yields  a resolvable  frequency  f through  the  device  MRT  curve  (see  Figure  3).  The 
resolvable  frequency  f is  the  highest  frequency  in  cycles  per  milliradian  of  a four-bar 
pattern  which  can  be  "t  olved  by  the  device  for  the  given  temperature  difference  at 
the  aperture.  The  number  of  cycles  across  the  target  is  then  f times  the  angular  sub- 
tense a of  the  target  critical  dimension  in  milliradians  as  previously  indicated,  Prob- 
ability of  rec  jjmition  is  then  directly  relatablc  to  number  of  cycles  through  Table  4. 

The  correctness  of  this  approach  to  recognition  modelling  is  demonstrated  in  a follow- 
ing section  on  validation  (Section  VI)  with  field  data. 

The  recognition  model  is  summed  up  in  the  diagrams  in  Figure  5.  The  target  AT 
is  filtered  by  an  atmosphere  to  give  a ATC  at  the  sensor.  The  device  MRT  then  gives  the 
resolvable  frequency  fc.  Resolvable  frequency  f times  the  angular  subtense  of  the  tar- 
get in  milliradians  gives  the  number  of  cycles  across  the  critical  dimension.  The  prob- 
ability of  recognition  is  obtained  from  the  empirical  relationship  between  PR  and 
number  of  cycle,  . Since  the  target  subtense  and  AT  are  functions  of  range,  recognition 
probability  is  a function  of  range. 

/AT  TRANSMISSION 
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V.  DETECTION 


Detection  is  a lower  order  discrimination  tliun  recognition.  It  is  defined  us  the 
designation  of  a point  as  potentially  df  military  interest.  A hot  spot  that  is  brighter 
tliun  other  points  in  the  scene  is  singled  out  for  closer  scrutiny  when  it  is  detected. 
Object  motion  is  another  turget  cue  for  detection.  Whatever  the  reason,  detection 
occurs  when  the  observer’s  attention  is  called  to  a particular  point. 

There  are  two  kinds  of  detection  situations  with  a thermal  imaging  system.  One, 
for  terrestrial  targets  in  a cluttered  scene,  is  a low-order  recognition  task.  The.  observer 
needs  a small  umount  of  resolution  capability  in  outer  to  see  an  edge  or  some  internal 
feature  so  that  he  can  distinguish  the  target  from  other  confusing  objects  in  the  scene 
such  as  bushes  and  rocks.  This  kind  of  detection,  for  example,  occurs  when  an  observer 
is  looking  for  a tank  m other  vehicles  in  a woodland  scene.  The  second  kind  of  detec- 
tion occurs  when  there  is  little  or  no  clutter,  and  the  target  is  just  brighter  than  any- 
thing else  in  the  field  of  view.  Such  a situation  occurs  in  air  defense  scenarios  of  air- 
craft against  a uniform  sky  background. 

The  ability  to  detect  a target  in  a cluttered  background  requires  a low-order  recog- 
nition capability.  A level  of  detail  is  needed  to  separate  the  target  from  the  background 
if  the  background  clutter  has  a high  degree  of  structure.  As  an  example,  in  desert  field 
tests,  with  infrared  imaging  systems  cacti  have  been  confused  for  men  because  they 
have  the  same  approximate  size  and  AT.  Under  this  type  of  condition,  a certain  amount 
of  resolution  is  needed  to  distinguish  one  object  from  another  and  to  “pull  out”  the 
target.  Field  experience  demonstrates  that  for  general  medium  to  low  clutter  approxi- 
mately one-quarter  the  resolution  is  needed  for  detection  as  for  recognition  (3  to  4 
cycles  required).  Table  5 gives  such  a relationship  between  detection  probability  and 
number  of  cycles  across  the  target  critical  dimension. 


Table  5.  Probability  of  Detection  as  a Function  of  Number  of  Cycles 
Across  Ta.get  Critical  Dimension  for  Army  Vehicles 


Prob  of  Detection 

No.  of  Cycles 

1.0 

3 

.95 

2 

.80 

1.5 

.50 

I 

.30 

.75 

.10 

.50 

.02 

.25 

0 

0 
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As  already  mentioned,  there  are  Army  missions  in  which  irue  “hot  spot”  or 
“star”  detection  occurs  with  thermal  devices.  An  incoming  aircraft  atnunsl  a uniform 
sky  background  on  an  air  defense  perimeter  is  su  a case.  If  the  target  is  hot  enough 
to  activate  one  IFOV,  although  if  subtends  an  angi.,  much  smaller,  it  stands  out  as  a 
bright  blur  from  the  background.  Under  these  condi' ions  del  etion  is  function  of 
signal-to-noise  ratio  and  not  cycles  across  the  target. 


The  signahto-nuisc  ratio  used  for  this  “star”  detection  is  calculated  using  the  MDT 
equation.  Equation  (23)  cun  be  turned  around  to  calculate  the  signal-to-noise  ratio  S 
of  a target  of  size  given  by  H,r  and  signal  strength  AT.  Then 


S = 


AT(R)  • At 
NEAT 


<*  M 

If 

o 


h h’  d!t  [w„^f 


(29) 


-K 


^ ELECT  ^DISPLAY  ^EYE  ,lT  ^ f 
S then  varies  with  range  R to  the  target. 


The  relationship  between  S and  probability  of  detection  must  be  empirically 
determined  as  in  the  case  of  recognition  and  subjective  resolution.  There  is  not  a large 
data  base  of  field  data  to  determine  this  relr.Monship.  However,  for  the  present,  a 
function  such  as  that  determined  by  Rosell  at  al.  from  laboratory  experiments  can  be 
used.19  This  relationship  is  shown  in  Table  6. 


Table  6.  Probability  of  Detection  as  a Function  of  Signal-to-Noise  Ratio  from  Rosell 


Probability  of  Detection 

Signal-to-Noise  Ratio 

1.0 

5.5 

.9 

4.1 

.8 

3.7 

.7 

3.3 

.6 

3.1 

.5 

2.8 

.4 

2.5 

.3 

2.3 

.2 

2.0 

.1 

1.5 

0 

0 

^ F.  A.  Rosell  end  R,  H.  Wilson,  “Performance  Synthesis  of  Electro-Opticsl  Sensors,”  AFAL-TR-74-104,  Air 
Force  Avionics  Laboratory,  WPAFB,  Ohio,  April  1974,  p.  17. 
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The  detection  model  is  not  as  well  vulidated  as  the  recognition  model  since  there 
is  a dearth  of  usable  data.  The  best  source  of  detection  performance  data  is  ail  rne 
tests.  However,  the  target  signatures  - especially  in-flight  signatures  — in  these  tests 
are  poorly  documented.  Since  aircraft  travel  fast,  observer  reaction  time  plays  a role 
in  detection  range  and,  consequently,  there  arc  large  error  bars  in  this  data.  As  new 
data  are  gathered,  however,  the  validation  procedure  will  continue  until  the  model  can 
be  used  with  a high  degree  of  confidence. 

VI.  VALIDATION 

The  reliability  of  any  performance  model  must  rest  in  its  validation.  In  this  sec- 
tion, we  shall  present  the  results  of  MRT  measurements  and  four  field  tests  in  compari- 
son to  predictions  as  validation  of  this  model.  The  MRT  bench  measurements  w jre 
made  at  the  Visionics  Technical  Area  of  the  Night  Vision  Laboratory  which  also  con- 
ducted the  field  tests.  Three  tests  were  ground-to-ground  tests  conducted  at  Warren 
Grove,  N.J.20  in  summer  1 QV  l and  Aberdeen,  Md.,  in  winter  and  summer  1973.2'  22 
The  fourth  test  was  an  airborne  test  in  summer  1973  at  Fort  Polk,  La.23 

The  two  tests  at  Aberdeen,  Md.,  included  six  systems  from  three  different  con- 
tractors. The  range  of  resolutions  was  1/6  rar  to  1 mr,  and  the  systems  were  prototypes 
for  missile  and  tank-integrated  systems.  Table  7 is  a list  of  unclassified  and  non- 
proprietary  system  descriptors. 


Table  7.  Partial  List  of  System  Parameters  for  Missile  and 
Tank  Systems  Tested  at  Aberdeen,  Md.,  in  1973 


System 

Application 

Spectral  Region 
(pm) 

Scanner 

Detector 

Contractor 

A 

Missile 

3-5 

Parallel 

PbSe 

1 

B 

Missile 

3-5 

Parallel 

PbSe 

1 

C 

Missile 

8-14 

Serial 

HgCdTe 

2 

D 

Missile 

8-14 

Parallel 

HgCdTc 

3 

E 

Tank 

8-14 

Serial/ 

Discoid 

HgCdTe 

2 

P 

Tank 

8-14 

Parallel 

HgCdTe 

3 

J,  R.  Moulton,  et  aL,  "A  Search  Performance  Test  on  Ground-Based,  Thermal  Imaging  and  Pulse-Gated  Intensi- 
fier  Night  Vision  Systems,"  U.S.  Army  Electronics  Command  Report  7028,  June  1973  (Confidential). 

J.  Swistak,  “Field  Performance  Evaluation  of  TINTS  Night  Sight  Systems,”  U.S.  Army  Electronics  Command 
Report  7035,  Jan.  1975  (Confidential). 

22  J.  Swistak,  “Field  Performance  Evaluation  of  TOW  Night  Sight  Systems,”  U ' Army  Electronics  Command 
Report  7033,  Jan.  1975  (Confidential) 

23  Unpublished  test  report  of  airborne  FLIR  against  ground  targets  by  NVI 


,imer  1973. 


The  comparison  of  measured  and  predicted  MTF’s  for  the  four  missile  devices  is 
shown  in  Figure  6(a).  The  MTF  predictions  for  systems  A and  B underline  one  of  the 
main  problems  in  performance  modelling  of  prototype  systems.  The  MTF  and  MRT 
predictions  must  be  made  on  the  basis  of  numerous  systems  engineering  inputs  all  of 
which  are  seldom  known  by  contractor  or  government  engineers.  Especially  in  proto- 
type systems,  components  are  in  a constant  state  of  change  or  may  not  even  be  con- 
structed at  the  time  of  the  analysis.  Consequently,  sometimes  obsolete  inputs  are  used 
which  have  no  relationship  to  the  actual  or  real-time  components  or  they  have  to  be 
fabricated  on  a best-estimate  basis.  This  establishing  of  system  parameters  turns  out 
to  be  ti»e  most  difficult  task  for  the  systems  modeller.  Systems  A and  B are  devices 
which  arc  not  accurately  specified. 

Systems  C and  D in  Figure  6(a)  plus  E and  F in  Figure  6(b)  show  reasonable  agree- 
ment between  predicted  and  measured  MTF.  Of  these,  system  1)  shows  the  worst  agree- 
ment; since  the  measured  performance  is  noticeably  less  than  predicted  for  such  a 
straightforward  quantity  as  MTF,  the  implication  is  that  some  system  component  is 
not  performing  up  to  specification  and  is  causing  a degradation. 

The  MRT  calculations  for  these  systems  are  found  in  Figures  7(a)  and  7(b). 

They  were  all  calculated  using  the  SNR  in  equation  (26)  equal  10  2.25.  This  value  for 
SNR  appears  to  give  the  best  overall  agreement  between  predicted  and  laboratory 
results. 

Systems  A and  B in  Figure  7(a)  show  some  discrepancy  in  the  resolution-limited 
region  due  to  the  difference  in  predicted  and  measured  MTF  already  mentioned.  The 
difference  in  the  noise-limited  region  for  System  E in  Figure  7(b)  possibly  implies  some 
unaccounted  for  noise  source  or  processing  which  is  being  neglected  in  the  analysis. 

Recognition  performance  against  the  side  view  of  tanks  is  shown  in  Figures  8(a) 
and  8(b).  All  calculations  were  done  with  the  4 cycles  equals  50  percent  curve  shown 
in  Table  4.  The  data  points  are  shown  by  circles,  and  the  lank  systems  field  test  has 
error  bars  associated  with  each  point.  Tin;  tank  was  a hot-running  signature  under 
highly  transmissive  atmospheres  (clear,  low  relative  humidity  night).  The  agreement 
in  the  tank  test  is  excellent  while  predictions  appear  to  be  short  in  the  missile  test  — 
especially  for  Systems  A and  B in  Figure  8(a).  This  was  due  to  cues  that  were  present 
in  this  test.  Tank  drivers  had  comfort  heaters  on  during  this  winter  test  causing  obvious 
hot  spots  on  the  targets.  The  trained  observers  were  quick  to  pick  ip  this  cue  and  use 
it  as  a recognition  cue.  This  kind  of  field  behavior  underlines  uic  need  for  a cued- 
target  recognition  model. 

Performance  of  these,  six  systems  against  front  views  of  tanks  is  shown  in  Figures 
9(a)  and  9(h).  The  tank  lest  again  shows  excellent  agreement.  The  missile  test  results 


Predicted  vs  measured  MTF’s  for  missile  systems. 


SYSTEM  E 


SYSTEM  F 


Figure  6(b).  Predicted  vs  measured  MTF’s  for  tank  systems. 
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%»re  9(a).  Recognition  performance  for  missile  systems  vs  tank  front. 


show  u steeper  slope  than  the  predieted  slope  for  Systems  C and  I)  in  Figure  9(a). 

This  was  possibly  caused  by  two  different  reasons.  First,  this  was  a method-of  limits 
test.  The  target  vehicle:;  started  at  a constant  range  and  moved  slowly  toward  the 
observai'on  point  until  recognition  was'feeorded.  Hence,  the  performance  as  a function 
of  range  must  go  to  zero  at  the  starting  range,  causing  the  slope  to  be  steeper  than 
usual.  Second,  the  targets  approached  the  observers  across  a muddy  field  which  tended 
to  degrade  the  IR  signature  due  to  splattered  mud  and  water  on  the  vehicles. 

The  only  airborne  test  with  results  applicable  to  the  IN  VI.  model  validation  was 
conducted  at  Fort  Polk,  La.,  in  1973.  Previous  tests  have  tended  to  be  operational  tests 
not  designed  to  acquire  model  validation  data.  A notable  exception  is  the  MAFLIR 
test  conducted  at  Patuxent  River  by  the  Air  Force.24  The  level  of  discrimination  in 
this  test,  however,  was  not  high  enough  to  be  of  use  for  our  purposes. 

Detection  and  recognition  performances  are  shown  in  Figure  10  for  the  Fort  Polk 
test.  The  targets  were  operational  vehicles  in  a clear  atmosphere.  The  results  plotted 
by  circles  and  X's  are  empirical  recognition  and  detection  data  of  tracked  vehicles. 

The  predictions  indicated  by  curves  considered  only  a side-view  tank  with  the  four- 
cycle criterion  for  recognition  at  30  percent  and  the  Table  5 criterion  for  detection. 
Since  the  FLIR  was  mounted  on  a stabilized  airframe  platform,  an  LOS  transfer  func- 
tion based  on  the  stabilization  of  the  gimbals  was  used.  The  agreement  shown  here  is 
considered  very  good. 

The  graph  shown  in  Figure  1 1 is  for  a ground  surveillance  thermal  system  that 
was  tested  at  Warren  Grove,  N.J.,  in  1971.  The  target  is  an  operational  tank  in  the 
side  aspect.  The  circles  representing  the  data  points  give  good  agreement  with  the 
predicted  curve. 

The  validation  results  shown  in  the  figures  represent  an  approximate  accuracy  of 
± 20%  in  range  which  is  considered  state-of-the-art  for  modelling.  However,  all  these 
results  have  been  for  optimum  target  and  atmosphere.  Degraded  performance  under 
adverse  target  and  atmospheric  conditions  has  not  been  validated  because  of  the  lack 
of  field  data  for  these  conditions.  Field  performance  against  degraded  targets  and 
atmospheres  has  been  attempted  by  this  laboratory;  however,  such  targets  and  atmo- 
spheres do  not  remain  constant  sufficiently  long  enough  to  obtain  sufficient  statistical 
data  on  them.  A target’s  tracks  can  change  temperature  and  a fog  can  roll  in  before 
two  observations  through  a device  have  been  made. 

Recognition  and  detection  performance  can  be  seriously  impacted  by  adverse 
target  and  atmospheric  conditions.  A passive  target,  a mud  caked  signature,  a haze 

^ D,  C.  Winter,  “Infrared  Image  Test  Program  - Variable  Analysis,”  AFAL-TR-72-384,  Air  Force  Avionics 
Laboratory,  WPAFB,  Ohio,  March  1973  (Confidential). 
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Figure  11.  Recognition  performance  of  ground  surveillance  system  vs  tank  side. 

with  particle  size  that  scatters  1R  radiation,  or  high  relative  humidity  can  cause  signifi 
cant  performance  range  reduction.  These  conditions  can  have  a high  probability  of 
occurring  in  such  environments  as  those  found  in  West  Germany.  An  example  of  an 
atmospheric  distribution  is  shown  in  Figure  12.JS 


5 GERMAN 


VISIBILITY  (KM) 

Figure  12.  German  nighttime  visibilities. 

Unpublished  report  on  environmental  analysis  by  R.  Bergeinann  of  Visionics  Technical  Area,  NVL. 
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VII.  CONCLUSIONS 


The  present  NVL  and  AMC  static  performance  model  for  detection  and  recogni- 
tion has  been  documented  in  the  preceding  text.  The  actual  computer  program  is 
found  in  Appendix  C along  with  its  operational  use.  The  model  is  in  a constant  state 
of  evolution  and  refinement  as  new  field  data  is  incorporated  into  the  validation  data 
bank  and  new  systems  concepts  must  be  analyzed.  The  present  approach  to  detection 
uses  a signal-to-noise  ratio  calculation  based  on  MOT,  and  recognition  utilizes  the  MRT 
which  is  derivable  from  the  same  signal-to-noise  ratio.  This  approach  gives  a unified 
theory  upon  which  detection  and  recognition  are  based.  The  relationships  between 
detection  and  signal-to-noisc  ratio  and  recognition  and  resolution  are  fundamental 
and  empirically  derived  functions.  The  accuracy  of  the  present  model  is  assumed  to  be 
± 20%  in  range  for  recognition  under  favorable  target  and  atmospheric  conditions. 

Work  is  presently  being  done  on  several  areas  of  improvement  needed  in  the  model. 
The  detection  model  must  be  validated  as  must  the  degraded  conditions  for  recogni- 
tion. These  depend  entirely  on  the  acquisition  of  new  field  results  with  statistically 
valid  data  under  these  conditions  as  well  as  sufficient  documentation  of  the  target  and 
atmospheric  parameters.  In  addition,  a complex  target  model  can  be  developed  to 
handle  the  more  intricate  target  cues,  and  a low-transmission  atmospheric  capability 
for  fogs,  smoke,  and  dust  can  be  added. 

In  the  area  of  improved  recognition  models,  we  must  include  vertical  resolution 
and  possibly  sampling  effects.  This  is  presently  in  the  conceptual  stage  only  since  it 
is  not  yet  fully  understood  how  a vertical  MRT  should  be  measured  and  no  data  exist 
with  respect  to  vertical  resolution,  Coupled  with  a vertical-resolution  capacity,  a more 
scientific  method  must  be  developed  to  choose  the  critical  target  dimension  instead  of 
minimum  dimension.  Further,  the  probability  of  recognition  as  a function  of  resolv- 
able cycles  must  be  amended  with  the  variation  of  this  function  with  target  aspect. 

While  these  limitations  are  being  addressed  and  solved  to  an  acceptable  degree, 
the  AMC  static  model  must  be  incorporated  into  a general  search  model  in  order  that 
all  Army  target  acquisition  problems  concerning  thermal  imaging  can  be  analyzed. 
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APPENDIX  A 


NE  AT,  MRT,  AND  MDT  DERIVATIONS 


In  (Uis  Appendix,  derivations  are  given  of  the  noise  equivalent  temperature 
(NE  AT),  the  minimum  resolvable  temperature  (MRT),  and  the  minimum  deteetalde 
temperature  (MDT).  Complete  and  simplified  expressions  are  given  for  eaeh  quantity; 
the  complete  expressions  provide  a basis  for  rigorous  analyses  while  the  simplified 
expressions  provide  a means  for  obtaining  reasonable  estimates  thru  use  of  hand 
calculations. 


Neither  the  concepts  nor  the  final  relationships  contained  herein  are  new.  The 
NE  AT  derivation  is  similar  to  an  analysis  in  Jamieson. A 1 The  MRT  and  MDT  deriva- 
tions arc  slightly  different  from  others  of  which  the  author  is  aware.  The  techniques 
employed  to  derive  MRT  and  MDT  are  equally  applicable:  to  the  derivation  of  subjec- 
tive resolution  relationships  for  inlensifier  and  1.1. LTV  viewers. 


Terminology: 

NEAT 

MRT 

MDT 

t 

*.<*> 

*.<*> 

* 

h(t) 

f 

1„<0 


OTF 


Noise:  equivalent  temperature 
Minimum  resolvable  temperature 
Minimum  detectable  temperature 
time 

an  output  signal 
an  input  signal 
convolution 

temporal  response  function 
frequency 

tourier  transform  of  io(l) 

fourier  transform  of  i.(t) 

transfer  ''unction  (fourier  transform  of  h(t)) 

optical  transfer  function 


Al 


J.  A.  Jamieson, el  al.,  Infrared  I’hysfcs and  Engineering,  McGraw-Hill,  New  York,  1963. 
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MTF 
B.(r) 
S(f) 
< > 
T 

a 


v.<t) 
D*  (X) 


1 


v0W 

T 

L 

11F0V 

VFOV 

lE 

^OVSC 

Fr 


Vcs 

rl) 

^sc 

e 

w 

i (*,y) 
A 
k 
M 

a* 


— modulation  transfer  function 

— auto-correlation  function 

— power  spectrum 

— ensemble  average 

— time  difference 

— RMS  value  of  a random  process 

— detector  response  function 

— a (voltage)  signal 

— watts/micron  on  the  detector 

— detector  detectivity 

— detector  detectivity  (no  cold  shielding) 

— focal  length 

— optical  transmission 

— temperature 

— radiance  from  source  (target) 

— horizontal  field  of  view 

— vertical  field  of  view 

— eye  integration  time 

— overscan  ratio 

— frame  rate 

— number  of  detectors  in  series 

— number  of  detectors  in  parallel 

— cold  shield  efficiency 

— picture  element  delay  time 

— scan  efficiency 

— cold  shield  angle 

— an  integral  (equation  24) 

— spatial  signal 

— area  (signal) 

— a constant 

— watts/area  from  display 

— distance  between  scan  lines 
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v — scan  velocity 

fQ  - frequency  of  MRT  bar  pattern 

I,  - bar  length  in  MRT  l;ar  pattern 

b - noise  function  along  a line  of  the  display 

f - spatial  frequency  (x  or  horizontal  direction) 

fy  - spatial  frequency  (y  or  vertical  direction) 

S - a threshold  signal-to-noise  ratio 

qy  — an  integral  (defined  below  equation  (A45)) 

px  — an  integral  (defined  below  equation  (A45)) 

py  — an  integral  (defined  below  equation  (A45)) 

qA  — an  integral  (defined  below  equation  (A51)) 

pXA  — an  integral  ^defined  below  equation  (A51)) 

pY,\  — an  integral  (defined  below  equation  (A51)) 


Preliminaries: 


Throughout  this  section,  elementary  concepts  and  analysis  techniques  employed 
in  electrical  communication  theory  are  used  The  necessary  relationships  are  presented 
below;  the  reader  unfamiliar  with  these  relationships  could  profitably  read  the  first 
three  or  four  chapters  of  Wozencraft  and  Jacobs/  3 (It  is  possible  to  derive  NE  AT, 
MRT,  etc.  without  employing  these  concepts:  however,  as  with  any  process,  employ- 
ment of  inproper  tools  to  perform  a task  leads  to  clumsiness  and  inefficiency.) 


An  output  signal  from  a linear  system  (circuit,  optical  device)  is  equal  to  the  input 
signal  convolved  with  the  response  function  of  that  system,  i.e., 

«v 

io(t)  = i,(t)*h(t)  = f i-oXt-Odt'  (A1) 

. co 

where  i0(t),  ij(t),  and  h(t)  equal  the  output  signal,  the  input  signal,  and  the  system 
response  function,  respectively.  The  response  function  h(t)  is  simply  the  system  out- 
put for  an  input  pulse  approximating  a Dirac  delta  function.  If  both  sides  of  equation 
(Al)  are  fourier  transformed,  the  expression 

Io(f)  - Ij(f)H(f)  (A2) 

is  obtained.  Here  Ic(f),  Ij(f),  and  H(f)  are  the  fourier  transforms  of  iD(t),  i.(t),  and  h(t), 

J.  W.  Wczencnft  »nd  I.  M.  Jacob*,  Principle*  of  Communication  Engineering,  Wiley,  New  York,  1965. 
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respectively.  The  quantity  H(f)  is  referred  to  as  the  transfer  function  of  the  system. 
The  one-dimensional  (spatial)  version  of  H(f)  (i.e.,  the  fourier  transform  of  the  line 
spread  function)  for  an  optical  system  corresponds  to  the  system’s  optical  transfer 
function  (OTF)  whose  absolute  value  equals  the  modulation  transfer  function  (MTF) 
of  the  systems.  In  equation  (A2),  the  quantity  11(f)  is  said  to  “filter”  the  signal  I.(f). 
Note  that  if  a signal  is  passed  thru  two  systems  in  series  the  output  from  the  first 
system  equals  the  input  to  the  second;  therefore,  if  if(t)  is  the  input  signal  and  h,  (t) 
and  hj  (t)  are  the  response  functions  of  the  two  systems,  the  output  is  given  by 

io(t)  = ij(t)  * h,(t)  * ha(t).  (A3) 

Correspondingly,  the  transform  of  ic(t)  is  given  by 

I„(f)  = Ii(0H,(f)H2(f).  (A4) 

Thus,  the  “two-system”  response  and  transfer  functions  equal  h, (t)  « h2(t)  and 
Hi(f)H2(f),  respectively;  e.g.,  the  OTF  of  a complex  optical  system  equals  the  product 
of  the  component  OTF’s  (ignoring  component  interactions). 

A widc-scnse  stationary  random  process  (e.g.,  noise  in  most  electro-optical  view- 
ers) can  be  characterized  (in  general,  not  fully)  by  its  auto-correlation  function 

R(t)  = R(t,  t + r)  = < n(t)n(t  + r)>  (A5) 

where  n(t)  designates  the  random  process  and  r represents  a time  difference.  The 
fourier  transform  of  this  function,  called  the  power  spectrum  of  the  process,  is  given  by 

oo 

S(f)  = J’  R(r)e'2"ifT  dr.  (A6) 

. oo 

The  brackets  in  equation  (A5)  inH;  an  average  over  an  ensemble  of  n(t)  functions. 
The  output  power  spectrum  o"  noise  processes  passed  thru  (filtered  by)  a linear  system 
is  given  by 


S0(f)  = S.(f)H2(f) 


(A7) 


where  Sq  and  S;  are  the  output  and  input  power  spectra,  respectively.  An  extremely 
important  relationship  between  the  power  spectrum  and  the  variance  (at  a point)  of 
the  random  process  is 


a 


1 


S(f)df. 


(A8) 


Since  engineers  are  reluctant  to  employ  negative  frequencies  and  since  S(f)  is  an  even 
function  of  frequency,  it  is  common  practice  to  redefine  the  power  spectrum  such  that 

oo 

a2  = f S(f)df  (A9) 

*o 

This  latter  power  spectrum  is  just  twice  the  one  used  in  equation  (A8);  this  power 
spectrum  is  used  for  the  temporal  voltage  noise  and  the  corresponding  (horizontal) 
spatial  noise  since  it  is  the  one  commonly  employed  by  thermal  viewer  engineers.  In 
the  vertical  direction,  however,  the  power  spectrum  in  equation  (A8)  is  used. 


A matched  filter  is  a filter  whose  response  function  is  a delayed  (shifted),  time- 
reversed  (spatially  reversed)  version  of  the  signal.  Thus,  if  i(t)  is  the  signal  function, 
the  response  function  of  the  matched  filter  is  proportional  to  i(tj-  t).  (In  discussing 
time  functions,  casualty  becomes  a problem;  however,  the  discussion  here  will  not  be 
complicated  by  this.)  The  matched  filter  is  the  filter  which  maximizes  the  signal-to- 
noise  ratio  (signal  being  the  magnitude  of  the  output  from  the  matched  filter  and  noise 
being  the  standard  deviation  of  the  noise  fluctuations)  at  a time  t,  for  the  case  that 
the  noise  is  additive  (independent  of  the  signal)  and  white  (the  power  spectrum  equals 
a constant  at  all  frequencies).  Note  that  for  the  case  of  a symmetrical  signal  and  for 
t,  equal  to  zero  the  matched  filter  has  precisely  the  same  shape  as  the  signal.  (In 
general,  the  matched  filter  is  the  mirror  image  of  the  signal.)  Also  note  that  if 


(A10) 


then  the  frequency  response  of  the  matched  filter  is  proportional  to  I*(f),  i.e., 


Hm(f)  ~y  i(-  t)e'2mft  dt  = I*(f). 

. OP 

NE  AT  Derivation: 


(All) 


The  noise  equivalent  temperature  is  defined  as  that  input  temperature  difference 
for  a “large”  target  (a  large  target  being  one  whose  size  is  large  relative  to  the  system 
response  function)  which  is  required  to  generate  a signal  (voltage  amplitude)  just  prior 
to  the  display  (or  after  the  detector  preamplifier)  which  is  just  equal  tc  the  RMS  noise 
(voltage)  at  that  point,  assuming  that  the  filtering  action  of  the  electronics  prior  to  the 
measurement  point  corresponds  to  that  of  a “standard”  filter.  The  ambiguities  in 
this  NE  AT  definition  provide  at  least  part  of  the  reason  NE  AT  is  viewed  with  dis- 
favor in  some  circles;  the  precise  point  of  measurement  and  the  “standard”  filter  are 
not  necessarily  identical  from  one  measurement  to  the  next.  A second  reason  NE  AT 
is  viewed  with  disfavor  is  that  it  does  not  relate  directly  to  the  signal-to-noise  ratios 
which  are  fundamental  for  perception  of  targets  on  the  device  display;  it  is  not  a 
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display  signal-to-noise  ratio  and  it  is  a point  signal-to-noisc  rather  than  one  “averaged” 
over  the  target.  Ne  ertheless,  NEAT  can  be  a useful  indication  of  system  sensitivity, 
and  (although  not  necessary)  it  can  he  used  to  simplify  the  MRT  and  MDT  relations; 
therefore,  its  derivation  follows. 


The  detector  plus  its  associated  preamplifier  is  assumed  to  be  a linear  system  with 
a response  function  r(X,t)  *hE1  Err  (t)  where  r(X,t)  is  the  response  function  of  the 
detector  in  volts/watt  and  hEI  ECT  is  the  amplifier  (and  other  circuitry)  response  func- 
tion. Therefore,  if  the  signal  onto  the  detector  equals  A</>  (X)  i(t)  watts/micron,  where 
i(t)  is  a normalized  time  function,  the  response  of  (i.e.,  the  signal  from)  the  detector- 
amplifier  system  is  given  by 


v,(t) 


A<£  (X)  i(t)  # r(X,t)*  h ELECT  (t)d  X 

oo 

e 2"ift  1(f)  IIELECT(f) / A <fi  r(X,f)dX  df 


(A12) 


where  1(f),  11E1ECT  (f),  and  r(X,f)  are  the  fourier  transforms  of  i(t),  hE,  ErT  (t),  and 
r(X,l),  respectively.  Assume  that  r(X,f)  (or  r(X,t))  is  separable  into  a frequency  and  a 
wavelength  dependent  part;  then 


(A13) 


where  r(X,l'o)  ¥=  function  of  f since  fQ  equals  a constant  and  =£  function  of  X 

since  r(X,f)  is  assumed  to  be  separable  (i.e.,  r(X,f)  - g(X)  2 (f)). 

Equation  (A12)  giving  the  signal  vs  can  now  be  simplified  to 

V.=/  «‘2,,in  1(f)  llKLKcr(0  dfj  A0(X)r(X,fo)dX 

. O 

•o 

= i'(t )J  A0r(X,f„)dX 

O 

where  i'(t)  is  defined  in  an  obvious  manner. 


(A  14) 


The  RMS  noise  voltage  corresponding  to  vs(l)  must  now  be  determined.  Let  C(f) 
equal  the  power  spectrum  of  the  noise  from  the  detector.  Then  the.  power  spectrum 
beyond  the  preamplifier  (i.e.,  system  with  transfer  function  11  E[  Er[  (f))  equals 
S(0H  elect  (f)  and  therefore  the  desired  RMS  noise  is  given  by 
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Combining  equations  (A14)  and  (A15),  the  signal-to-noise  beyond  the  preamplifier 
is  given  by  oo 

i'(t)  t A$r(X,fQ)  dx 

_ *0 


S/N  = ^ = 


0 (/S(f)H 


(A16) 


ELECT 


Equation  (A16)  yields  the  NE  AT  once  the  various  variables  are  recast  into  more 
useful  forms,  the  S/N  is  set  equal  to  1 (note  that  the  NE  AT  definition  can  be  recast  to 
“that  temperature  difference  such  that  S/N  = 1"),  and  i'(t)  is  set  equal  to  1.  The  quantity 
i'(t)  can  be  set  equal  to  1 because  the  signal  is  measured  (determined)  at  approximately 
the  midpoint  of  an  extended  (large)  signal;  if  i(t)  = 1 at  its  midpoint  then  i'(t)  will  also 
equal  one  since  the  signal  is  of  much  greater  duration  than  the  response  function  of  the 
detector-amplifier  system  as  assumed. 


To  recast  the  variables,  first  note  that  the  detector  detectivity  I)  is  given  by 


» A*  r(X,f  ) 

*>i  <f0>  = 4-°-  < 

(S(i „»* 

where  Ad  equals  the  area  of  the  detector.  8 (Those  familiar  with  the  expression 

D»  _ <Ad  Af„)» 


(A17) 


where  A f is  the  bandwidth  and  NEP  is  noise-equivalent  power,  should  note  the  follow- 
ing heuristic  derivation: 


Detector  sigr:al-to-noise  ratio  (S/N)()  = 


S(f)df 


For  a small  bandwidth  around  f() , (S/N),,  = 


&<P  r(f,>) 
<S(f0)Af0)* 


(S(f)  Af  )'A 

Now,  NEP  = A <t>  for  (S/N)„  = 1 ; therefore,  NEP  - 

■\T0  ' 


J.  A.Jamiiwn.«l(if.,  Inframl  Ihysivs  anil  Engineering,  McGraw-Hill,  New  York.  1963. 


""“N 


and,  therefore,  D*  = 


Ad  r(fo) 

(S(f0))* 


).F,D.  ^ 


Solving  equation  (A17)  for  r and  inserting  into  equation  (A16),  the  signal-to-noise  ratio 
is  given  by 


S/N  = 


I 


A 0^  Dx  (X)dX 


(A18) 


where  i'(t)  has  been  set  equal  to  1.  Next,  note  that  for  a simple  imaging  system 

ttAj  3L 

=4/-  AT 

where  tjq(X)  = the  optical  efficiency  of  the  viewer 

F = the  f/number 

T - temperature 

= watts/cm2 /steradian/micron  from  the  source. 

Finally,  using  equation  (A19)  for  A <t>x  and  defining  A fn  by 

A fp‘  f S(V)  l,RI  ECT  df’ 


(A19) 


(A20) 


equation  (A18)  becomes 


S/N  = 


7r  A*  AT 

d 


C 3 K # 

i ^^)-3Ynf„^dX 


4F2  (Af  )* 


(A21) 


The  AT  in  equation  (A21)  is  the  desired  NE  A'l'  provided  the  S/N  is  set  equal  to  1 and 
provided  the  bandwidth  equals  the  appropriate  reference  bandwidth. 

The  bandwidth  to  which  NEAT  is  commonly  referenced  is  given  by 

Af  = jr/2  f.  = 


* [~  (HFOV)  (VKOV)  F,{  npyscl 
2 [ 2 n((  Ax  Ay  Vsc  J 


(A22) 
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where  HFOV  = device  horizontal  field  of  view  (mr) 

VFOV  = device  vertical  field  of  view  (mr) 

Fj{  = frame  rate 

T?ovsr  = overscan  ratio  for  the  device 
n^  = number  of  detectors  in  parallel 

Ax  - horizontal  detector  size  (mr) 

Ay  = vertical  detector  size  (mr) 

tjsc  = scun  efficiency  (fraction  of  time  spent  in  actually  scanning  the  field). 

The  initial  form  for  Af  in  equation  (A22)  is  obtained  from  equation  (A20),  first,  by 
setting  the  power  spectrum  ratio  equal  to  l (i.e,.  ignoring  any  low  frequency  1/f  compo- 
nent and  high  frequency  roll  off)  and,  second,  by  equating  to  1/(1  + (f/fG )2 ) 

corresponding  to  an  exponential  response  function  for  the  electronic  circuitry.  The 
expression  for  fw  is  simply  derived  by  setting  f0  equal  to  Vi  rn  where  rD  is  the  delay 
time  for  a picture  element  of  size  Ax  Ay  (essentially  the  time  the  detector  element 
spends  on  each  picture  element).  The  xh  r ()  corresponds  to 

/SlN(>frD)\a 

\ *frF)  / 

which  is  the  bandwidth  associated  with  a rect  function  of  duration  rQ . 

The  use  of  the  “standard”  bandwidth  given  in  equation  (A22)  in  place  of  the 
bandwidth  mven  in  equation  (A20)  yields  the  NE  AT  values  commonly  used.  Recog- 
nize, however,  that  the  bandwidth  given  by  equation  (A20)  is  the  true  system  noise 
bandwi  md,  tlie^'’  ,re,  a measurement  of  the  S/N  will  yield  the  value  given  by 
equ.-uion  < \2i)  .uis  bandwidth  (assuming  H ELECT  includes  any  filtering  by  the 
mcas,  ; device);  the  S/iN  calculated  using  the  “standard”  bandwidth  of  equation 
(A22)  would  be  measured  only  if  H EEect  *n  equation  (A20)  were  so  adjusted  (e.g.,  by 
the  measuring  device)  so  as  to  make  the  true  bandwidth  of  equation  (A20)  equal  to 
the  “standard”  bandwidth  of  equation  (A22). 

The  S/N  (and  the  NE  AT)  obtained  from  equation  (A21)  is  that  for  a single  de- 
tector; this  S/N  is  appropriate  for  parallel  scanning  thermal  viewers;  however,  for  dis- 
coid systems,  the  S/N  obtain?'1  ’ v summing  the  signals  and  noises  from  the  number  of 
detectors  in  ser!<  more  u?ri  in  this  latter  case,  a reasonable  approximation  to 
the  S/N  is  the  S/N  given  in  equation  (A21)  divided  by  (ng)^  where  ng  equals  the  number 
of  detectors  in  series  (assuming  uniform  D*  ’s).  In  general,  blind  application  of  equa- 
tion (A21)  (as  well  as  the  MRT  and  MDT  equations)  to  unconventional  systems  can 
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lead  to  difficulties  and  incorrect  conclusions;  this  problem  is  usually  easily  circumvented 
by  simple  adjustments  to  the  equation  which  can  be  made  by  anyone  having  a decent 
understanding  of  the  material  presented  herein.  (More  often  than  not,  one  only  needs 
to  recognize  the  fact  that  the  noise  variances  add  directly.) 

Prior  to  summarizing  the  results,  several  additional  expressions  and  definitions  are 
useful.  First,  D*  is  given  by 

X 


D*  = 

* sin0/2 


- < \S  <2F> 


(A23) 


where  D**  is  D*  for  no  cold  shielding  and  100%  quantum  efficiency 
r?q  ~ quantum  efficiency 

= the  cold  shield  efficiency 
6 = the  cold  shield  angle. 

Second,  the  quantity  W is  defined  by 


f ’I.W  Pfo  (M  8^ 
J ».<V  D*(X)  8T 


(A24) 


where  X„  = the  wavelength  for  maximum  D*  (X).  For  hand  calculations,  Hudson 
P 4 8 3 1 fo  1 9 L 

notes  that  j pp  dX  equals  5.2  x 10'"  while  j dX  equals  7.4  x 10's  ;A4  these 

quantities  are  obviously  useful  approximations  to  W. 


To  summarize,  then,  the  NEAT  urng  equation  (A24)  is  given  by 


NEAT  = 


4FJ  (A  f n )* 


*Ad'  *.<VDr*<VW 


(A25) 


where  equations  (A22),  (A23),  and  (A24)  provide  useful  expressions  for  Afn,  Dj*  (X), 
and  W.  Also,  note  that  Ajj  can  be  expressed  in  terms  of  focal  length  and  nominal  system 
resolution  in  milliradians,  i.e., 


--  ’ 


A'/  = (focal  length)  (resolution  in  mr)/(1000). 


^ R.  D.  Hudson,  Jr.,  Infrared  System  Engineering,  Wiley,  New  York,  1969. 


(A26) 


(If  we  included  atmospheric  traiv  nission  over  the  short  p ith  length  in  the  NE  AT  labo- 
ratory experiment,  then  (A24)  becomes 


?%(*)  n.(X)  D*(X)  3L, 


w = r %r±_  w. 

J0  %(\)  \(\)  I) 


t <v 


8 T 


dX 


and  (A25)  becomes 


NEAT  = 


4FJ 


<vDfa<xp)w 


MllT  and  MDT  Derivations: 


Basic  Concepts:  The  minimum  resolvable  temperature  (MRT)  of  a system  is  de- 
fined as  the  temperature  difference  relative  to  a background  which  the  bars  of  a bar 
pattern  must  possess  in  order  for  a human  observer  to  detect  the  individual  bars  when 
viewing  the  pattern  thru  the  system.  The  minimum  detectable  temperature  (MDT)  is 
the  temperature  difference  a square  object  must  possess  in  order  to  be  detectable. 
Obviously,  the  MRT  is  a function  of  the  bar  pattern  spatial  frequency  while  the  MDT 
is  a function  of  the  object  size. 

Historically,  the  MRT  bar  pattern  has  been  a 4-bar  pattern  whose  bars  had  lengths 
equal  to  7 times  their  width;  also,  the  pattern  has  been  oriented  such  that  the  bars  are 
perpendicular  to  the  detector  scan  direction.  The  derivation  presented  here  assumes 
that  both  the  pattern  and  the  orientation  correspond  to  these  historical  precedents. 

The  derivation  also  assumes  that  there  is  no  sampling  in  the  direction  (horizontal)  along 
which  the  detectors  are  scanned.  This  latter  assumption  is  not  valid  for  all  systems; 
specifically,  the  signals  from  the  detectors  of  a parallel  scanning  system  are  sometimes 
multiplexed  in  a manner  which  provides  a sampling  effect  in  the  scan  direction.  This 
sampling  can  introduce  noise  fold-over  and  signal  aliasing  effects;  however,  if  the  system 
is  well  designed  these  effects  will  not  be  severe  and  the  equations  derived  herein  can  be 
applied  to  these  systems. 

The  basic  hypothesis  underlying  the  theory  of  MRT  and  MDT  is  that  visual  thresh- 
olds correspond  to  a critical  value  of  “matched  filter”  signal-to-noise  ratios;  i.e.,  the 
ratio  formed  from  the  maximum  amplitude  of  the  target  and  the  RMS  value  of  the 
noise  obtained  by  passing  the  signal  (target)  and  noise  which  are  actually  observed  by 
an  individual  thru  a filter  matched  to  the  observed  signal.  (Note  that  the  sign'd  and 
noise  are  not  actually  physically  filtered  by  a matched  filter;  it  is  just  hypothesized 
that  the  relevant  signal-to-noise  ratio  for  perceptual  purposes  is  the  signal-to-noise  ratio 
obtained  assuming  that  the  signal  and  noise  are  filtered  by  the  matched  filter.)  Thus, 
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if  the  viewed  object  is  characterized  by  the  spatial  function  i(x,y),  the  signal  will  be 
proportional  to  i(x,y)  * i(-x,-y)  for  x and  y equal  to  zero  which  equals 

J 1 2 (fx,fy)d2f 

where  I(fx,fy)  is  the  transform  of  i(x,y).  Correspondingly,  the  noise  will  be  proportion- 
al to 

( / **„.»..>  i*  <f,.f 

where  S(fx,  f ) is  the  power  spectrum  of  the  observed  noise.  (Throughout  this  section, 
the  quantity  i„(x,y)  representing  the  undegraded  target  will  be  normalized  such  that 
its  maximum  value  is  1 wliile  the  (matched)  filter  corresponding  to  this  quantity, 

Hjo  (fxfy),  will  be  normalized  such  that  H;o  (0,0)  = 1.  Thus,  for  a uniform  target, 

W,>  = \\  <f « f,  > 

where  AT  equals  the  area  of  the  target.) 

Although  the  determination  of  MDT  is  straightforward  using  the  above  hypothesis, 
an  extension  is  required  to  determine  MRT,  i.e.,  the  perception  threshold  for  a periodic 
pattern.  Specifically,  the  nature  of  the  matched  filter  (and  the  signal)  must  be  estab- 
lished for  the  (potentially)  infinite  periodic  pattern.  The  assumption  is  made  that  the 
filter  in  the  periodic  direction  is  a rect  function  whose  width  is  equal  to  the  width  of 
the  bar  while  in  the  other  direction  the  filter  is  . imply  the  device  degraded  rect  function 
corresponding  to  the  length  of  the  Lar.  (Note  that  a degraded  periodic  pattern  retains 
its  periodicity  with  unchanged  spatial  frequency.)  Furthermore,  the  “signal”  is  assumed 
to  be  the  difference  between  the  “signal  energy”  coming  thru  the  filter  centered  over 
the  bar  and  a filter  centered  over  the  neighboring  trough.  (Note  that  in  some  sense 
this  corresponds  to  taking  the  signal  for  an  aperiodic  pattern  as  the  difference  between 
the  “signal  energy”  passed  thru  the  matched  filter  centered  over  the  target  and  the 
“energy”  passed  thru  a filter  centered  over  the  background.)  With  these  assumptions, 
calculation  of  the  MRT  becomes  very  straightforward. 

In  the  above,  the  implication  is  made  that  the  object  and  noise  observed  are  the 
object  and  noise  existing  on  the  device  display.  More  fundamentally,  they  are  the 
object  and  noise  projected  on  the  retina  of  the  eye  or,  still  better,  the  object  and  noise 
interpreted  by  the  observer,  i.e.,  aftei  degradation  by  the  retina  and  nervous  system. 
Given  a transfer  function  for  the  eye,  an  effective  power  spectrum  for  the  internal 
noise  in  the  eye,  and  a knowledge  of  the  actual  extent  of  eye  signal  (and  noise)  summa- 
tion, it  is  possible  to  extend  the  calculations  to  the  retina  and  beyond.  This  extension 
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will  not  be  pursued  here;  rather,  the  assumption  will  be  made  that  the  eye  transfer 
function  and  noise  do  not  significantly  alter  the  signal-to-noise  ratio  calculated  using 
the  displayed  quantities.  (In  actual  calculations,  however,  an  eyeball  term  is  included.) 

A few  comments  concerning  the  (matched)  filter  formulation  are  possibly  useful. 
The.  matched  filter  can  be  thought  of  as  a window  over  which  the  signal  and  noise 
“energies”  are  summed  to  formulate  a signal-to-noise  ratio.  This  summation  is  similar 
to  that  performed  by  Rose  in  formulating  S/N  ratios  which  correlate  with  Blackwell's 
visual  thresholds;^5  in  Rose's  case,  MTF  type  degradations  were  not  considered  and, 
consequently,  the  matched  filter  was  just  the  target  itself.  Thus,  a matched  filter  signal 
and  noise  are  just  slightly  sophisticated  versions  of  a signal  and  noise  summed  over  the 
target;  the  matched  filter  procedure  merely  provides  a consistent  technique  for  handling 
degraded  (blurred)  targets.  An  equivalent  (but,  to  this  author’s  thinking,  more  cumber- 
some) formulation  uses  the  total  signal  energy  as  the  signal  (i.e.,  sums  all  the  signal 
energy  ) and  then  sums  the  noise  over  a equivalent  target  area  which  is  larger  than  the 
original  target  as  a result  of  MTF  degradations. 

The  Derivations:  The  MRT  and  MDT  equations  can  now  be  formulated  rather 
easily,  the  only  complication  being  that  introduced  by  sampling. 

In  order  to  perform  a reasonably  rigorous  derivation,  a consistent  set  of  units  must 
be  used.  Let  k be  defined  such  that  k AT  equals  the  watts  emitted  by  a display  element 
(spot,  etc.)  for  a large  target  with  a temperature  difference  AT.  Then,  the  signal  energy 
per  unit  area  from  the  display  for  a single  frame  will  be  equal  to 

M(x,y)  = i (A27) 

Ay;  V 

where  Ay(  = the  distance  between  scan  lines  = Ay/rj yysc 
v = the  scan  velocity  of  the  display  element 
i(x,y)  = the  spatial  distribution  function  of  the  degraded  target. 

The  quantity  i(x,y)  will  equal  (ignoring  sampling  effects,  a procedure  completely  legiti- 
mate only  if  Ay(  is  very  small)  the  convolution  of  the  original  target  with  the  system 
response  function,  i.e., 

i(x,y)  = >T(x,y)*hD  (x,y)  (A28) 


^5  Albert  Rose,  “The  Sensitivity  Performance  of  the  Human  Eye  on  an  Absolute  Scale,”  J.  Opt.  Soc.  Am.  35, 196 
(1948). 
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or,  taking  transforms, 


*W  = IT(fx^y)HD<fx>fy), 

where  iT  is  the  target  distribution  and  hD  is  the  system  response  function.  (Note  that 
for  constant  i(x,y)  the  formulation  above  will  yield  a uniform  display  brightness;  thus, 
this  formulation  uses  an  average  display  radiance  across  scan  lines.) 

The  aperiodic  matched  filter  signal,  using  equation  (A27),  is  given  by 

Signal  = MAX  £ i(x,y)  * bml  (A29) 

©o 

= f l(f  ,f  ) H d2f, 

Ay.v  J v x y'  m 

where  hm  and  Hm  arc,  respectively,  the  real  space  and  the  frequency  space  representa- 
tions of  the  matched  filter.  (Note  that  “MAX"  refers  to  the  maximum  value  of  convolu- 
tion over  x and  y.)  As  indicated  previously,  Hm  is  simply  the  normalized  version  of 
I(fx , fy)  (the  degraded  target);  therefore,  the  signal  for  the  aperiodic  target  is 

o* 

(SIGNAL),  = A,/  H*  (f , .f,»  H„  > d»  f.  (A30) 

where  AT  is  the  area  and  HT  is  the  transfer  function  corresponding  to  the  undegraded 
target. 

The  periodic  matched  alter  signal,  using  equation  (A27)  is  given  by 

SIGNAL  = MAX^|y^i(x,y)*hmJ  (A31) 

~MIN  [|”  ' 

where  i(x,y)  is  the  degraded  bar  pattern  and  hnj  is  the  undegraded  'cct  function  hori- 
zontally and  the  degraded  reel  function  vertically.  The  quantity  i (x,y)  is  approximated 
(horizontally)  by  the  first  harmonic  of  the  square  wave;  therefore,  since  the  amplitude 
of  this  harmonic  is  4 hr  times  the  amplitude  of  the  square  wave, 


i(x,y) 


/ square  wave  witl.\+  .5 
y umplit  ade  .5  / u ' ■ 


y) 


s MTF(f0)—  (.5)  sin  (2irf0x)  iy  <y>  + .5  , 


(A32) 


where  fo  is  the  frequency  of  the  bar  pattern  and  i (y)  is  the  degraded  vertical  rect 
function  corresponding  to  the  length  of  the  bar.  (The  fact  that  i(x,y)  will  be  negative 
whore  MTF  (fo)  equals  approximately  unity  is  an  unimportant  consequence  of  using 
the  first  harmonic  approximation.)  Substitution  of  i(x,y)  from  equation  (A32)  into 
equation  (A31)  yields  (evaluating  the  horizontal  integrals  in  real  space  and  the  vertical 
integrals  in  frequency  space): 

M:  fo 

(SIGNAL)  = JL_  MTF(f„)-  AT  f sin  (27rf  x)  (2f„)  dx 
v Ay.v  7r  J 


Ayi% 

M 

</  lyH,  df(. 


(A33) 


In  equation  (A33),  the  factor  2f()  in  the  first  integral  comes  about  because  the  horizontal 
filter  (rect  function)  of  width  '/6f0  has  an  amplitude  of  2f0  under  the  normalization 
convention  that  H(fx)  = 1 for  fx  - 0.  Since  the  first  integral  in  equation  (A33)  equals 
2/n  and  since  Iy  equals  L HL  HD , where  HD  is  the  transfer  function  of  the  device  in 
the  y direction  and  L is  the  length  of  the  bars,  equation  (A33)  can  be  simplified  to 


(SIGNAL),  = Jh-  «TF(f„)  £ ATI.  f ll’  H„ 


dfy  . (A34) 
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The  noise  expressions  for  NiRT  and  MDT  must  now  be  determined;  this  requires 
establishing  the  power  spectrum  of  the  noise  displayed  to  the  observer.  The  function 
describing  the  noise  on  the  display  is  given  by 


n(x,y)  = E Mx) 5 (y- ys)  * bd  (y)  = 

i 


E bj(x)bd  (y-/j) 


(A35) 


where  hd(y)  is  the  impulse  response  of  the  display  in  the  y direction  and  b4(x)  is  the 
fun  tion  describing  the  horizontal  noise  function  along  the  ith  scan  line.  The  form  A 
equation  (A34)  arises  as  an  obvious  result  of  the  sampled  nature  of  the  thermal  image 
which  consists  of  independent  scan  lines;  the  convolution  is  merely  a manifestation  of 
the  fact  that  each  line  is  “spread  out”  by  the  display  element.  The  autocorrelation  of 
the  ncise  is  given  by 


< n(x,y)  n(x',y')  > 

=<\  E £bi  (x>bj  (x')ha  <y-yi>hd  (y'-yj)N)  (A36> 

i j ' 

= E E < bi(x>  bj<x')  > bd  (y  • ys)  bd  <y'  • yj)- 

i j 

Assuming  that  < bj(x))>  equals  zero,  note  that<'  bj(x)  bj(x')  )>  will  equal  zero  unless 
i = j since  b.  and  b^  are,  otherwise,  independent  random  proce,sses.  Thus 


R(xx'yy')A  < n(x,y)  n(x',y')  > = 

E < b;(x>  bi<x')  > bd  (y  • yj)  hd  <y'-y»)- 


(A37) 


Now  <(  bj(x)  bj(x')  y is  independent  of  i since  all  lines  are  (supposedly)  the  same  and, 
therefore, 

R(xx'yy')  = < b(x)  b(x')  > E hd  (y  - y;)  hd  (y'~  yj)-  (A37> 

i 

Approximating  the  summation  by  an  integral,  we  have 

oo 

H(xx'yy')  “ < b(x)  b(x')  > J hd(y-y,)  hd  (y'-yj)  dy. 

" (A39) 

. J :‘d(j>)  bd(Y  + p)  dp  A R(XY) 
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where  Y = y - y'  and  X = x - x'.  ( < (b(x)  b(x') ) is  assumed  to  be  a function  only  of 
x - x'  which  is  true  if  the  random  process  is  wide-sense  stationary.) 

The  power  spectrum  of  the  noise  is  just  the  fourier  transform  of  R(X,Y),  i.e., 

ao 

S(fx,fy)  = / <»»(*)  b(x')>  c 2*ifX  dX  Hd (fy ) H*  (fy).  (A40) 

Now  b(x)  corresponds  to  the  “voltage”  noise  function  which  is  transformed  from  a 
“voltage”  to  a one-dimensional  radiant  energy  function  by  the  display  elements;  there- 
fore, the  fourier  transform  of  <(  b(x)  b(x')  ^ equals  the  “voltage”  noise  power  spectrum 
provided  the  units  are  properly  transformed  from  “voltage”  and  “voltage”  space  to 
radiant  energy  and  display  space.  (This  conversion,  itemized  below,  is  based  upon  the 
implicit  assumption  that  voltage  is  linearly  related  to  radiant  energy.)  As  discussed  prior 
to  equation  (A15),  the  “voltage”  noise  power  spectrum  equals 

S<f>HF.LECT  <f> 
or 

(constant)  H2^  (f). 

In  the  second  expression  above,  the  constant  obviously  equals  S(fQ)  if  the  units  of  this 
expression  are  the  same  as  those  of  the  first  expression  (e.g.,  (volts)  (second));  since  the 
signal  is  given  in  terms  of  temperature  units,  the  noise  must  also  be  and,  therefore, 
the  value  of  the  constant  is  desired  which  references  the  power  spectrum  to  temperature 
units,  i.e.,  (temperature  difference)  (second).  To  establish  the  value  of  this  constant, 
note  that  the  NEAT  equals  the  temperature  difference  such  that  the  S/N  ratio  (voltage 
S/N  ratio  prior  to  the  display)  equals  1;  therefore,  if  the  signal,  referenced  to  tempera- 
<are  units,  is  simply  AT,  then  NEAT  equals  the  AT  such  that  AT  la  = 1 where  a is  the 
RMS  noise  in  appropriate  units.  Thus,  the  NE  AT  equals  a,  and  since 

a2  = f (constant)  |^-  H ELECT  df  = (constant)  A fn 

J S(fo> 

where  equation  (A20)  has  been  used,  the  constant  is  given  by 


constant  = 


NEAT3 
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(The  quantity  NE  AT2/Afn  can  be  expressed  in  terms  of  detector  sensitivity  and  device 
parameters  using  equation  (A25).  Note  that  although  the  above  discussion  uses  the  true 
NE  AT  and  A f , i.e.,  not  the  standardized  ones,  the  last  equation  is  valid  regardless  of 
which  A f is  used  provided  the  Af  in  the  denominator  is  the  same  as  the  A f used 
to  calculate  the  NEAT.)  Consequently,  the  voltage  noise  power  spectrum  referenced 
to  temperature  units  equals 


NE  AT2  S(f)  U2 


Af 


S(f.) 


EI.ECT 


(0- 


Now,  converting  from  temperature  to  radiant  energy  thru  use  of  *he  correspondence 
(see  reasoning  prior  to  equation  (A27), 

NEAT  <^=5>  k NiLAT  (energy /cm), 


using  the  relation  (valid  since  f = v fx) 

JKD.  HJ  (f)  = 

S(f(  ) ELECT  ' ’ 


S(fx) 


n2 


(fx) 


S(f  ) elect 


where  S(fx)  = S(v  fx),  etc.,  and,  using  the  fact  that  the  fourier  transform  of  K.  b(x)  b(x')  )* 
corresponds  to  the  voltage  power  spectrum,  the  relation 


J < b(x)b(x')  > e-2,,ifx  dX  = 


k2  NEAT2  1 S<fx) 


v2  Afn  V S(fox)  Helect  ^ *A41) 


is  obtained  (assuming  that  the  display  transfer  function  equals  1).  A careful  examina- 
tion of  equation  (A40)  shows  that  the  units  are  (energy)2 /cm  which  are  those  desired 
of  the  one-dimensional  “display”  power  spectrum.  Combining  equations  (A41)  and 
(A40)  and  including  the  display  transfer  function,  Hd(fx),  the  desired  (two-dimensional) 
noise  power  spectrum  is  given  by 


k2  NEAT2  S(fx>  „2 


s<f,',)  = ^vAf,  s(fOI) 


II 


ELECT  lld 


(A42) 


(The  critical  step  in  the  derivation  of  S(fx , f ) is  equation  (A39)  where  the  sampling 
characteristic  of  the  display  is  in  a sense  approximated  away.  Strictly  speaking,  the 
sampled  noise  process  cannot  be  characterized  by  a power  spectrum.) 
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Given  the  power  spectrum  S(fx,  f ),  the  (matched,  filtered)  noises  required  to 
establish  MRT  and  MDT  are  easily  determined.  As  previously  indicated,  the  matched 
filter  for  the  MRT  calculation  is 


Hw  (fx>HL  <fy>HD  <f_) 


where  Hw  , H,  , and  HD  are  the  .transfer  functions  corresponding  to  the  width  of  the 
bar,  the  length  of  the  bar,  and  the  system  impulse  function  in  the  y direction,  respec- 
tively. Therefore,  the  MRT  noise  is  given  by 


(Noise)p  = 


S(U 


f / sC5  H>eucr 

\ / -«0  O / 

(A43) 


)' 


The  filter  for  the  MDT  is 


«T  <W»D<W 


where  HT  and  Hn  are  the  target  and  device  transfer  functions;  therefore,  the  MDT  noise 
is 


(Noisc)a  = 


OO  00  y 

( jilMAll  f f S{IA  rf,  111  H?  ,ir  df  ) 
l Ay,Af„  v J J S(f„>  EIJiCT  - T D > » ) 

A .o*0 


(A44) 


The  ratio  of  the  signal  given  in  equation  (A34)  and  the  noise  given  in  equation  (A43) 
yields  the  fundamental  signal-to-noisc  ratio  for  periodic  patterns  for  a single  frame. 

The  MRT  is  simply  the  AT  found  by  summing  the  signal  and  noise  over  the  frames  in 
an  eye  integration  time  and  setting  the  signal-to-noisc  ratio  equal  to  a threshold  value  S-. 
Thus,  the  MRT  i3  given  by  (from  equations  (A34)  and  (A43)): 

,2 


MRT  = 


MTF  (f 


1 0 f NEAT2  f f H2  H2H2  H2H2 

- Ay.Af  v / / S(f  ) elect  d V l"d 

l|2ll2  dfy  L n - ° ox) 


‘“xdfy 


!_]!*  /ff2  S-  NK AT  f Ayiv  f f ni/]  * /A,.cv 

T MW.)  L r JJ  J 

**  I Ij  \)  7 


x FT” 
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where  FR  is  the  frame  rate  of  the  system  and  tE  is  the  eye  integration  time.  Similarly, 
the  MDT  is  given  by  (using  equations  (A30)  and  A44)): 


MDT  = 


NEATS-' 

At  /’  "X 


d2f 


(Sk//  £h-cXhx»'a)“ 

' - . oo  o 9 


The  somewhat  formidable  equation  (A45)  can  be  expressed  in  a much  more  useful 
form  thru  use  of  the  following  definitions  and  relations: 


oo 

. 00 

OO 

p„A2w/  f HJOJCTH*(fI)H;df, 

O 

oo 

"v*1'  f "l  < 

- OO 


1, 


(assuming  bar  length  equals  7 times  its  width) 


W = 


1 


Employing  these  last  relations,  the  MRT  reduces  to 


S NEAT 
MTF(f0)  qy 


/ A?i  v 

\ *'r  lE  A*n 


- f2  p p 


(A47) 


This  expression  is  further  simplified  by  noting  that  qy  and  py  will  equal  approximately 
1 for  essentially  all  applications  since  the  bar  length  will  almost  always  be  large  com- 
pared to  the  system  response  function  (for  any  reasonable  fo)  in  the  y direction;  there- 
fore, the  MRT  is  finally  given  by 


MRT  = 


4(14),//* 


S-NEAT  f0 
MTF(f0) 


Ay;  y 

Fr‘e  Afn^x 


(A48) 


which  is  the  recommended  equation  for  calculating  MRT.  (This  last  approximate  expres 
sion  can  lie  arrived  at  by  a somewhat  simpler  argument  which  is  perhaps  useful.  Calcu- 
late the  one-dimensional  matched  filter  signal  and  noise  for  a single  scan  line  assuming 
that  the  bar  length  is  greater  than  the  height  of  a scan  line.  This  calculation,  as  easily 


(A46) 
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seen  from  the  above  analysis,  yields  a signal 


and  a noise 


(Signal)p  = iiAX  MTF(f0)  Jy  AT  energy /cm 


(Noise)p  = 


OD 

/ k2  NEAT2  f S<fy>  Il2  ,,  Wl2/,  , ij2  ,, 
y ~Af^ J S(Q  HELECT(tx)Hd<fx>HW<f*>dfx 


) 


Since  the  “matched”  filtering  in  the  y direction  corresponds  to  summing  the  signal  and 
noise  over  the  length  of  a bar,  since  signals  add  directly  and  noises  add  quadradically, 
and  since  the  bar  extends  over  (L/Ayj)  independent  lines,  the  desired  MRT  signal-to- 
noise  ratio  is  given  by 


<S/N)p  = 


— JiAI  MTF(f  ) A T 
Ay.  v ' tt2 


( 


L k2  NEAT2 


Ayj  A f„  v 

which  directly  yields  the  MRT  given  in  equation  (A48).) 


f - ) 


Unfortunately,  each  individual  concerned  with  MRT  has  his  own  favorite  form 
for  the  MRT  equation  derived  by  using  different  definitions  and  different  approxima- 
tions than  those  used  above.  For  example,  a quantity  Q is  used  by  some  individuals 
where 


Q = fo  - 

others  approximate  the  integrals  such  as 


by 


where 


/ 


"l  Hd  At 


( 


f2  f2 

L D 
f2  + f2 
L D 


ft 


fL  = 


-Ik 


df 


and 


df  ; etc. 
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To  the  author’s  knowledge,  however,  all  the  expressions  follow  directly  from  equation 
fA45)  using  the  appropriate  definitions  and  approximations.  (In  one  instance,  an  equa- 
tion is  used  which  is  derived  on  the  assumption  that  the  “matched  filter”  for  the  bar 
pattern  is  a square  whose  side  is  equal  to  the  width  of  the  bar.  Even  in  this  case,  the 
final  equation  reduces  to  equation  (A48)  except  for  a different  constant.) 

The  use  of  equation  (A48)  requires  establishing  the  values  of  S-and  tE ; again,  un- 
fortunately, universal  values  for  these  constants  do  not  exist.  The  values  recommended 
at  this  time  are 


S-  = 2.25, 
tE=  .2. 


(A49) 


Several  approximations  and  facts  are  useful  for  using  equation  (A48)  to  make 
quick  calculations.  First,  from  equation  (A22)  (and  the  material  following  (A22)) 


rr  =~  2vrD“  - Ax 
Af  IT  U IT 


where  A x is  the  detector  width.  Also  Ayj  is  given  by 

^OVSC 

where  Ay  is  the  detector  height  and  90VSC  *s  overscan  ra,iO.  Finally,  px  will  equal 
approximately  1 for  small  fQ  while  for  any  fQ  a respectable  approximation,  assuming 
S(f0)/S(fox)  equals  1,  is 


1 


Px  ~ <4f2  (Ax)2  + 1)* 

Therefore,  a useful  form  of  equation  (A48)  for  hand  calculations  is 


(A50) 


MRT  = .66  8- 


NE  ATf 


MTF(f 


± Y (it3  (Ax)1  + 1 V”  (A51) 

) y ’Jovsc^Ve/  \ ° / 


where  the  last  factor  can  be  set  equal  to  a 1 for  many  values  of  fQ . 
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The  MDT  given  in  equation  (A46)  can  be  simplified  to 
S-'NEAT 


ML)T  = 


<U 


/ Ay4  v i \ * 

^FRtEif„.  2W3  J 


thru  use  of  the  definitions 


qA  =At/  H^H’d’f 


PxA  = 2W 


/ 


S(fi) 


Hi. 


S(f  ) "ELECT  Hd  »D  dfx 


o» 


(A52) 


where  Hw  is  the  transfer  fir  jtion  corresponding  to  the  side  of  the  test  square.  Approxi- 
mations to  qA , pxA , and  pyA  can  be  formulated  similar  to  those  used  to  simplify  the 
MRT;  these  will  not  be  pursued  here. 


APPENDIX  B 


VERTICAL  MRT 

If  sampling  effects  are  assumed  to  be  negligible,  then  a vertical  MTF  and  MRT 
can  be  defined  and  an  expression  for  them  derived.  A system’s. performance  can  then 
be  a function  of  some  combination  of  horizontal  and  vertical  MRT.  As  an  example, 
the  MRT’s  in  the  two  directions  can  be  assumed  to  form  an  average  MRT  whose  value  is 

MRT  = [MRT2  (f  ) + MRT2  (fJj’Vv'iT. 

v x y 

Then,  this  MRT  will  directly  give  performance  from  an  experimental  relationship  such 
as  shown  in  T^ble  4 in  the  main  section. 


A vertical  MRT  (fy ) similar  to  the  horizontal  MRT  (fx)  can  be  derived  in  the  same 
manner  utilized  in  Appendix  A.  The  only  difference  is  that  the  target  bar  pattern  is 
now  oriented  with  the  long  dimension  parallel  to  the  scan  direction.  Then  returning  to 
equation  (A32)  of  Appendix  A,  we  get 


i(x,y)  = MTF(foy)|(.5)  sin  (27rfoyy)  ix  (x)  + .5,  (Bl) 

where  iy  (x)  is  the  degraded  root  function  in  the  x direction.  Equation  (A33)  becomes 

’/»  fjjy 

(SlGNAL)p  = Ji-  MTF(foy)  £ AT  J sin  (27rfoyy)  (2foy)  dy  (B2) 

* i o 

oo 

* / 

• oo 

where  now  I = L H.  (f  ) Hn  (f)  . Hence,  the  signal  for  the  case  of  horizontal  bars  is 

X Li  X 1 J X ' 


(SIGNAL)  = 7~- 

p Ay;v 


MTF(foy)  AT  L J H*(fx)  H*  (fx)  dfx.  (B3) 


In  deriving  the  noise  power  spectrum,  we  still  get  the  result 
f . k2NE  AT2  S(fx> 

S(fx’fv)_  ^A?7  S(Q  HELECT(fx>Hd<fx’fy>’ 


(B4) 


since  the  target  plays  no  roll  in  the  noise  at  this  point.  The  matched  filter  for  the 
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horizontal  case  is 


Hw<f  >HL<f,)HrA). 


Hence,  the  noise  is 

k2NE  AT2 


(NOISE)  = 


p [ z^rlf1  / / sin  HkECTHd<f»>,>>Hi<t.>H‘<f»)HD<f.> 

I •'I  n .*oo  o * ox ' 

j * (B5) 


x d2f 


Taking  the  ratio  of  equation  (B3)  to  (B5),  integrating  over  f/ames,  and  solving  for 
MRT  yields 


MRT(f) 


Ay,vi-  ft 


MTF(f  ) I 


S((J 


• / "IK 


(If. 


NE  AT2 
Ay*  Af„  v 


(rR'E) 


X f J S(fox)  11  ELECT  ^X*  V llw 

O 

Defining  the  quantities 

no 

8«E  L / "l  "»  df> 

. oo 

S(  f)  2 2 2 2 

P^lJ  S?rS  HELECT  Hd  »aL  «D  dfx 


4 s(fox> 

00 

s2'>'f  "w  "d  dV 


where  E = — and  W = , then  equation  (B6)  becomes 

2f,  ^ 


2f, 


NEAT 


MRT<f>)  = T Mlk)  "1 


r^i_  — f2  p p 1 ^ 
LFRtKAfn  ^ ° P*P'\ 


(B6) 


(B7) 
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As  in  Appendix  A,  gx  approaches  1,  however  px  will  not  asymptote  as  fast  as  before 
because  of  the  additional  electronic  filtering  H|LECT*  Putting  this  in  a form  which 
appears  in  the  main  section,  we  get 


MRT(fy  ) = — — S- 

4 yi4 


NEAT 

MTF(fy) 


Ay,  vty  00 


where 


(B8) 


W = fy  PxPy  . . 

/ / S "iua  <f*>  Hi  <f»>  H’<  <f*>  »i  <'•> 

xdfxHi(fy)H2d(fy)dfy. 


HEAL.  10T  AU 
REAL  1R  TRAN 

DIMENSION  AFCHLI161.)  

DIMENSION  FORD (201 

DIMENSION  DDTI SO) • ADR (SO)  . XPK150)  iXFRU(5Q) 
DIMENSION  YOKlSOI) VPHI 50) • YFRMl 50) 

DIMENSION  KM  IF  ( 20)  . YMTFI20)  .FFPFI20) 
DIMENSION  KXMHT I 20 ) » Y VMR  T( 2 0 ) .FFTI20) 

D I MENS  I ON  XXMTF  I .,‘.0  ) ».YYMIf_L2.QJ 

O I MENS! ON  PRO! 10) .XNUMI 10) 

DIMENSION  QQOI20) >00001 20) 

DIMENSION  SOME! 50) . DRTXI  50)  .DRTVISO) 
DIMENSION  ELANXi 20) .LLANYI20 > 

DIMENSION  SI GMA ( 9) • WAVE! 4) • 1RTRANI 161 ) 

DIMENSION  TRTRAN<I6J)  ...  . 

DIMENSION  00 TPUTI 10) .XINPUT < 10) 

DIMENSION  HANOI  161) 

DIMENSION  DO  STAR  I 10). XLMBAI  10) 

DIMENSION  RSPXI tbl ) 

DIMENSION  XMXMI20) .VMVMI20) 

DIMENSION  Hi  3)  

DIMENSION  XNMQ1 .0) 

DIMENSION  BE TA I 10) 


DIMENSION  BETA! 10) 

DIMENSION  FOOt  lOl.FQt 10) 

DIMENSION  XOI 10) t YDI 10) .XEC 10) ,XB( 10) 

DIMENSION  XOI 10) . VOI  10)  . XTW(  10)  . YTVI 10)  , XML(  l 0 > • V ML  I 10 ) 

DIMENSION  XXXft  M 2.Q)  » Y YYKT 12Q)  

DIMENSION  WFOVI  20)  .KT4SI  20)  .F.LAN4SI20) 

DIMENSION  X45T3I  50) . X45P3 1 50 ) . X4& T4 1 50) .X45P4I50) 

DIMENSION  TSE ( SO) . SSEI SO) 

D I MENS  ION  RINPUTI10) 

DIMENSION  RQSDI 10) ,OSN( 10) 

CQMM0N/NAML4  / Xl>  U» .FliaX.,S110i  .JUMEX.DEl.T  AX  ,QELT AY « EX&UUE& « Hf O) 

1 VFOtf  .RMAG.  XN.  XNSC. , 0 VERSC  » OR  I TE  , SR T AD  .O'!  SC  . T A , TO  . ANGLE .MOM. RSTAR, 

2 XL  A MB  » FNUMB  • F QC  .XK.RMAXF  « XV  . XYL  >FMAX  • XSI  GL S « Y S I GLS  , X A »JY  A. KJUC » 
1IQTAU. VEL.HELECT 

' DM MON  /SPCATM/MAVE. SIGMA  - 

’ r»*  -SDN/NAMES/IKOUNT  , XMAG.FST  AR  .FELECT  .FMAXF 

COMMON/  J -VE3/-JFLAG,  JPRINT.DDTT  , DETE MP .DPE AK. F ACT.  IDELTR.  IDELX. 

1 IROAX*  IRD1N,  IRHAX.IRMIN.LUPO. OUTPUT. XHTAR. XINPUT. ALT  AR.X^LG  - — 

COMMON/NAMES/XXMRT.Z J.Z4 

COMMON  /BlOR/ABLUR  ' 

C OMMUN/N AME6 /D  XDR ISO)  , ODD  T I 5 0 ) .DDR TX I SO ) 

CALL  IN  IT  I IAFLG)  

I KO  ON  T*  0 

3400  CON)  INOE  . . 

I K3UNT* I KOUN  T4 1 

CALL  NfcMI NPIFQ.XO. VO, XD, VD.XB.XE ,XTV .V T 7 , XML. F GO. ROT OFF , 

irO.DDSTAR, XLMBA . RO , AIRTMP.RVI S. TBAC.  PRO . X NUM . BET  A, V ML . 

2 *A  VE I , WA  VE  2,  I ST  A TE  , SttR  , IJ?R.L£U  iXNMgj  J.DVEJD 

!»AVNET  = XNET 

IF! Z 3.EQ. 1.0.ANU.Z4.E0. I .0)  CALL  MRTlNPIRVISt 
l RANGE, A IRTMP - RH , MA VE 1 . «A VE 2 , 1 PR  I NT , I OK . 

2 1ST  AT  E« AFCRL .PRO, ANOM, TB AC  « XNMB , BETA. II. KK)  

IF! Z3.EQ. 1.0.AND.Z4.EU. I »0)  GO  TO  8025 

IF  1 lxgONT.O)  » l., AnI>»  OFLAft Q.l  GOLIQ.  MSZ 


MRT  CALCULATION 


X*=AAVE 1-0.1  

I **  I F l X I I tt  A V E2—  NA  VF.  | ) / 0 • 1 ) ♦ l 

RMAG«2»0*XHA.U ...  . ... 

XZ= SNR *3.1*1 59/2.0/1  l * . 0 * *0 . 5 » *3 . 1 * 1 59/ 2 . 0 

CUTJFF*0.999*RUTOFF  ... . .... 

10TAU=HFOV*VFOV*t 17. 5**2 ) *F  R /XN/OEL T AX/OELT AY/ XNSC*OV£RSC 

VEL  = DtL  TAXAIJTAU 

RSTAR=FSTAR/VEL 

REL£CT=FEL£C  I/V&i.  

RMAXF»FMAXF/VEL 

DO  101  KLK*t  .6  ' 

101  HKLK>=10.0**FIKLK)/VEL 

CALL  DEV  ICEl  XMT  = . YMTF.XXMTF  * Y YMTF  *F.FFF  .XHXM.  Y NYM  . FU  RD  .F.Oj-XO,  XQ  .XJ1, 
8 VO, X8, XE, XTV.YTV.XML » YML iFQU) 

1F1  XMF.  T .EQ.O.O)  CALL  XNO  I SE  I F Q . Cli  TOFF  . DnS  T AB  . XL  MBA  . DPF  AX.  »B.  PQQ  > 
XXME  T = XNET 

CALL.  dOWTIFO^-DELTAF  .CUTOFF.  XB.FQQ)  

XL  — 1 ./DtLTAX/20. 

XCTFF=CUTOFr /VLL  .... 

F T=  O .0 

Y=F  SLStYEJH  

DO  102  XK=  1,20 

KT=FT*XL  

TARF=FT 

GRUNT=),./2./TARF  

RUNT  a 7. *GRUN  T 

CALl-XRTNGiyLCtFF.XXMIf.FllRa,2a^Utt^aB'.IMT^l..ANS.2^1..fl.l 

CALL  XR INGI XCTFF , XXMTF ,FUHD . 20. H, 8. RUNT , 1 .ANR.2,1.0) 

CALL  XRINGI 0.0. YYMTF .FURO. 2 0, H.B .GRUNT. 2 .ANT .2.1.0) 

0=ANS/2.0 

QQ=ANR*ANT/2.0*RUNT  - * 

00alKK)«Q 

aouuixto.sua.  _ 

CALL  ALlNFVI  XXXX.FT , XN  TF  «FFFF , 20 ) 

CALL  AL1NEYC VVYY.FT.YNTF .FFFF.20)  

IF( XXXX .tQ.O .0 ) XMR T=1 . 0E+06 

IF!  XXXX  .EQ.O.O)  GO  TO  *606  

XMR  T = XZ*XNET/XXXX*( OEv  T A Y *VE  L*F T *Q/DELT AF/FR/E YET M/OVERSC ) **0 .5 

IF  l XNK.I  ,LL. Q«  Q)  XMS I «JCK.»_L«tL0 £*0fe 

IFIV.LT. 1.0)  XMR  T * XMR  T* V**0 • 5 

*666  CONT INUE  . . . _ 

IF! YVVY.eO.O.O)  YMRT=1.0E*06 

!F<  YYYV. EQ.O.O)  GO  TO  *667  

YMH  T = XZ*XNLT/YYYY*(  OF  7 AY  *VEL*F  T AQU/DELT  AF/F  R.'EYETN/OVE  ~C)*«0.5 

IF  l YMHI..L.T  .Q«JU  Y NflT’XJLY-L.  OGttXt 

IF(V.LT.l.O)  YMR  T*  YMR  T*V  * *0 . 5 

*667  CONTINUE  

XXMRT ( KK) — XMRT 

YV<AR  T(  XK  ) = YMRT  ....  

FF  T < XX.  ) = FT 

102  CON.T1NUE.  

IF  C JPR I NT  * £ Q • 0 ) GO  TO  6008 

IF  ( IAFLG  .EQ.  1 ) «R I T£ I 6 . 70 0 0 ) 

7000  FOR* ATI 3*1 /) . 5M  • ( • . . 1 0 X . I 7M THMDL  OUTPUT  DATA.//) 

•Rl  TEI  6,71  1 ) ._  . 

711  FORN AT  I 1H1  , 1 *HF 1LTERED  NOISE) 

AH  1 TEI 6.712)(FFT11).C0QI1)  .QQOQll  ) .1ml  .20) 

712  FORK  AT  I 1H  » l 1 X » 4HFHE0 • 9X . IHQ , 1 *X . 2HQJ//1 E I *. 3 .E 1 5 . 3* E15.3) ) 

800  8 CONTINUE  .......  . 

DO  600  XX  — 1.20 

XXXR Tl KK )= XXMRTl XX)  

X XMR 1 1 XX ) = XXMRT I XX ) *1 3.5/FF  TI XX ) /7.0AFFT ( 20)  ) f *0.5 


n r>  |r> 


---  Y Y YA  Tl  KK  )a  Y VMS  T I KK  1 

YYM«T!KK)=  YVMRTiKKl*!  3.5/FF  T(  KK  > /?.0*FF  T (20)  ) **0.5 
RlASl&J^ZUS&MBJlKK)  M2*  YtHRUKKi  M2I  **0.5 

600  CONTINUE 

IF! JPKINT.EQ.OIGO  TO  6009 
IFllAFLG  .EO.  1)MRITE!6.7000) 

8RITE16, 022) 

322  FORMAT!  1HI  . 40HPR ED  I C TED  MINIMUM  RESUCVA4LL  TEMPERATURE) 

MRIXtlj&=_.323)  LFF  III  J aXXXRT!  U.YYYRTli)  , XX MRT  1 1 ) . YYMRT  (l>.KT45(l).l 

8=1,20) 

323  FORMAT! ♦X.4HFREQ. 7X.5HX  MR  T • 7 X « 5H Y MRT . 7 X .SHXLMRT . 7X . SHYLMRT 
t . 7X. 5H65MRT. /✓. ( T X , 6t  IPE9. 3 ,3X1  » ) 

4009  CONTINUE 
C 

JC 

C CONVERT  DELTA  T ON  0/0  TO  DELTA  POME R 

C 

c 

C CONVERT  MRT  IQ  POmER 

C 

X 

XL  AM*  XM 

DO  6013  I J=1 .LI 
XLAM=XLAM*0. 1 

CALL  AL INEY( UZZ , XL AM, DO ST AR , XLMOA, t 0 ) 

IFIZZZZ.LT ,0,0)  ZZll-O.Q 
-6 0X3  RSPjaU±==JUZi 

8URR  = 0UTPUT<  1 I 
DO  6003  1=1.10 
ORVX=XINPUTI I ) 

IF(ORYX.EQ.O.O)  aURR=OUTPUTC 1 ) 

6003  CONTINUE 

DEL-POOS  &)L=l»Ui 

6005  RANDlKK )=1 .0 

DO  6007  KK=U  , 1C 
T 3=  2 7 • 0 ♦ X 1 NPUT  ( KK  ) 

XXP=0.0 

IF!  X INPUT 1 KK I.ED.O.O)  GO  TO  6007 

CAJul^ELANKII  A»27.00.  XXP ,R AND . RSPX 1 

i007  R INPUTIXK >=XXP 

FREE=27.0*XNE  T 

CALL  PLANK! FREE , 2 7 . 0 . XPO X , R AND . «SPX ) 

DO  600  LON= l .20 
T4=  27.0FXXMR  T 1 LON) 

t S5Z7.0AYYMR  I LUJ  N ) 

XTOL  = 0 • 0 

IF ! XXMRT iLON ) » EQ  » 0 • 0 ) GO  TO  801 
CALL  PLANK! T 4, 2 7.00, XTOL , KAND.RS PX> 

601  EL  AN  X( LON ) =X TOL 
V TOL  = 0 • 0 

AFJJLTilR T.UJ&.N  I ♦ fcO  « 0_.  0 ) 00  TO  BQQ 

CALL  PLANK! T5.2  7. 00 , YTOL .HAND , H SPX ) 

BOO  EL  ANY1LON) = YTQL 
DO  8868  JK  J— 1,20 

8888  EL  ANAS!  JKJ )=<fcLANX<  . J ) * *2*E  LAN  Y t JK  J>  4*2  ) **0.5 
CALL  MDT(  XMXM  , YM  VM  , FF  F F .XCTFF.H,  SNR  , DEL  T Al  ) 

YFOV  SCALED  MHT 

DO  7119  J= 1 • 20 
7119  8F0VI J)=FFT! J) /FAC T 
8007  CONTINUE 


XRH=O.Oi*RH 


C 

c . - 

C RANGE  DO  LOUP  FOR  RECOGNITION 

C - 

c 

DO  lOfeb  I JK  = 1 . LUPU  

\K=  0 

TTAH=TUACtDETEMP  — — 

DU  500  f f = f RM£ N. f RMAX, f DELTR 

XX=KX*  1 

RANGE* I t/lOQO.O 

XR=HANGE*1000.0  

oo  2 jj=i.m 

2 IRTR AN< JJ>  = 1 .0  . 

CALL  ATMCRLiRVl  S .fi  A NGE  . A I R TMP, XRH . *A VEI , MAVE2 • (PRINT » £ JK. ! STATE* 

1 AFCNL  . I AFLG  > . 

00  5300  a;iss*i«l« 

5300  IRTR  AN(  M f 5S) = AFCHL < HI  SS)  *IR  THANIMISS)  . ... 

CALL  (JTFE<  0 .£.  £R  TRAN.  TR  TRAN  ,».*» 

TRANS*TK  T8 AN  (L»  )/(  MAXC2.-  AAVJlUL 

CALL  ML  ANKt  T T AR  • TB  AC  t SUPE1',  . £ R TR  AN  , RSPX  ) 

DDT  < XX  ) = TRANS  . ... 

OeT£=Ot TEMP* TRANS 

C TLENG=4. 0*XH  TAR/RANGE  ....  ....  

TLENGsXL tar/range 

UETE=QETE*£  T L£ NG / 7 «.G *Ff  11.20. 1J.£*£U3 

SO3 EH* SUPER  * ( TLENG//.0*FF  T( 20) t **0,5 
XOR{  KiU  GRANGE 

C X— AN  T r UN  DELIA  T ANO  DELTA  P 

CALL  AlINEVIFRM.OE  Tfc  .FF  T » X X MR  T *20)  _ 

CALL  AL I Nfc  V £ ROGER « SUPER ♦ FF  T • EL ANX #201 

XXNJM  = XHTAR*Ftt«/RAN&£  ...  

X XN 1M*XH TAR *HOGcR /RANGE 

CALL  ALINEYIPROB.XXNUM, PRO. XNUM. I0>  . 

CALL  AL  £NtY<  PU*PHO. XXN1 M , PRO * XNUM , 1 0 > 

I F(PPOd.LT.O.OJ  Pk08*0,00  

£F(PO»PRO.LT.O.OI  POMPRO=C.OO 

XPR( KX)=PRQd  

URTX£KK»=PO«(PRO 

DORTX( XX J=DR TXlKKl  . . ..  

CALL  AL  [NE  YI  PH06.  XXNUM , PRO , XNM0  » £ 01 

CALL  AL 1 NE  Y ( MOlPHO , XXN£  M » PRO • XNMfci  >10)  

£F(MROU.LT.O.OI  PROd=0.00 

inpo«i«oa.r.o.oi  pomph£a.=q »u.q 

SUME(XX)=PHOU 

X PR  * ( XX )=PO*PHU  

C Y — MR  T FOR  DELTA  T ANO  OtLTA  P 

CA.l  AL£NEY<FR*«  OETE  »FF  T , YYMR  T , 20  ) . _ _ 

CALL  ALINcYl ROY, SUPEH .FF  T, EL ANY, 20 ) 

XXNUM*  XH  T AH  *FR.X/H  A N£t  . 

X XN2M*  XH  T AR*RU  Y/R  ANGfc 

CALL  AL £NEY< PHOd, XXNUM, PRO. XNUM. £0>  

CALL  AL  f NC  Y(  SOWPRO , XXN2 M . PRO. XNUM » 10 ) 

£F ( MOMPRU.LT . 0. 0)  PO*PRU*0.00  

fF(PRUb.LT.O.O)  PR09=0.00 

£F  < SOMPRO.LT  . 0.0  SO*PNO=0»C0  . ..  

YPN( XX ) *PHOd 

ORTYIKX J=SO*PHO  . 

CALL  AL  £NE  Y( PROd, XXNUM .PRO. XNMB .10) 

CALL  AL  £NE  Y(PU*PFO  , XXN2M  , PRO  . XNMB  , i 0 I 

IM  PRUfcJ  .L  T .0 .0  > PH09=0.00 


66 


r>  n n 


IFIPUwPRO.LT  .0*0)  POWPRO*O.GO 

Y0R(KK)=PR03 

YFRW(KK )=PUWPRQ 

C 45-JEGRLE  MNT  FOR  DELTA  T AND  DELTA  P 

CALL  ALINEYIFRW.QETE .FF  T .RT45 .20) 

CALL  AL INE V ( ROGER . SUPER  .FF  T .ELAN45 .20  > 

XXNURsXHTARfFR* /RANGE 

XXN lM* XH TAR 4RJGER /RANGE 

CALL  ALtNEYIPROB.XXNUM.PRO.XNUMilO) 

CALw  AL INEVIPQWPRO  t XXN t M • PRO . XNUM • ) 0 > 

IFIPKOJ.LT.O.O)  PRUB  = 0 .00 
IF(POwPRO.LT.O.O)  POwPRO=O.CO 
XA5T  41  KK  )=PROD 
X45P4IKK )=PO«PRO 

CALL  AL  t NE  Y ( PROD  , X XNUM .PRO . XNMB .10) 

CALL  AL (NEVtPOwPRO.XXNlM.PRO.XNMb.tO) 

IFIPRUB.LT.O.O)  PROB-0.00 

IF 1 P04PR0.LT .0. 0)  P QWPRG  = 0.00 

X45T  3( KK I = PR0d 

X4SP3I KK IsPOMPRO 

OXDR IKK ) = XORtKK  ) 

DOOTIKK  )=DOT(  KK  ) 

500  CONTINUE 

IF( JPRINT.EJ.OIGO  TO  8011 

IF  ( 1AFLG  •Ed.  1 )WH I TLI 6. 7000) 

■ RITE! 6,325) DE  TEMP 

325  FORMATl )HI .23HRECOGNI T ION  PERFORMANCE/ 

I 28  M TARGET  DELTA  TEMPERATURE  IS.F10.2.1JH  DEGREES  C> 

WRITE! 6,3271 

327  FORMAT! 1H  . 3 3HTE  MPER  A TURE  DEPENDANT  PERFORMANCE) 

WR I TE I 6, 32  6) I XDR I 1 ) .00  Tt I ) .XPRII ) . YPR t I ) . X45T4 ( I ) • I - 1 , KK ) 

326  FORM  AT ( 1 H . 3MR A NGE  , 6X ■ 9H A T M T R ANS , 1 X , 1 3HXC0NSE RV AT  I VE . IX . I 3HYC 

1 UNGER V AT  1 VE. IX. 1 4H4  5C ONSE KV A TI VE / /( IX.F5.2.F 1 2 .2, F 12, 2. 2F 14.2) ) 

IF  ( IAFLG  .NE.  I )GO  TO  200C 
WR  l T E( 6 . 7C00  ) 

WRITE! 6. 325>0E TEMP 
*RITk(6,327) 

2 000  «RITh(  6. 37  7)1  XORI I ) .OOTI  I ) .SOME  I I ) ,YORl I).X4ST3(I),I=1,KK> 

377  FORM  AT ( l H . 5HR ANGt . 6 X . 9H ATM  TR ANS  .2 X , 11 HXOPT I M 1ST l C .4X . 1 1HY OPT IM IS 
I T IC«  6X, 12H4SOPTI Ml  STIC//!  1X.FS.2.F12.2.F12.2,FIS*2,F17.2)I 
IF  (IAFLG  «cQ.  1 ) MR  I TE (6,  7000) 

MR  I TE(  6. 32  5) DE TEMP 
WRITE! 6.820) 

820  FORMAT!  IM  • 2 7FIPU  ME  R DEPENDANT  PERFORMANCE) 

JLttl  TEl  6.326)  ( XDR  ( I ) ,DD  T f I)  , OP  T X I I ) , DRT  Y ( I ) .X45P4  11  ) , 1 = 1 .KM 
IF  (IAFLG  .NE.  OGO  TO  2001 
MR  I TE( 6 « 7 000 ) 

WR  I TE( 6. 32  5)OE  TtMP 
WR ( T E( 6. 820 ) 

200  1 WRIT  F.  (6. 377)  ( XORI  1 ) ,DD  T ( 1 ) , XF  R 4 ( I ) «YFRW(  I ) . X 4 5 P3  (().(  = (. KK) 

801)  CONTINUE 
C 

DETECT  ION 


1 1 = 0 

DO  6066  JK=IR0IN,IRDAX,10LLX 
11=1141 

R ANG  E = JK  /'  I COO.O 
XR  = R ANGEW I 000 .0 
DO  0066  KLM= l ,L  W 


I 


-60SA  IRTUAMIXLN)-! .* 

CALL  ATMCRLt  R V I S«  R ANGE  • A I RTMP . XRH  » WA  V E 1 • WAVES  . 1 PR  I NT . 1 JK , I ST  ATE. 

t APCRl.  I1FLCI 

DO  3790  NISS-I.LM 

5790  IRTR ANIMI SS) —AFCRLI MI  SSI *1 R IR AM1M1 SS) 

CALL  QTFEt 0. I .1RTRAN.TRTRAN.LN) 

TRAMS-TRTRAN|LM)/tMAYE2-MAV£l) 

DOT I 1 1 )— TRANS 

CALL  PLANK!  I JAR.  TBAC  »RQM£R.liiIHANj-RSJ>AJ_ 

DETE-OE  TEMP*  TRAN  S 
TLEN  6*  XL  TAR /R  ANGE 

OETE-OETE*!  TLENG/7. 0*FFT < 20 ) )M*0.5 
POMER-PQMER*!  TLENG/7. OAFF  T(  20)  ) **0.5 
XOR ( 1 1 )— RANGE 

X & MR t_fOB-  QEL T A T AND  DELTA  P 

CALL  AL  INE  7 C FR M , DE  TE  »FF  T . XXMR  T • 2 0 > 

CALL  ALINEYI ROGER. POMER.FFT.ELANX. 20) 

XXNUM—  XHT  AR*FR M/RANGE 

XX N 1M-XMTAR* ROGER /RANGE 

CALL  ALINEYI PROS. XXNUM. PRO  .BETA, 10) 

CALI ALINEV 1 PQMPRQ  « XXN1 M ■ PR □ .BETA. 10)  . 

IF1PROB.LT.O.O)  PRO0=O. 00 
IF ( POMPRO.LT .0.0)  POMPRO— 0 .00 
XPR ( II )-PROS 
ORTXC 11 ) -POMPRO 

C Y— MR  T FOR  OELTA  T ANO  DELTA  P 

CALL  AL INE Yl ROY. POKER .FF T .ELANY .20 ) 

X XNUM- XHT AR*FR M/RANGE 
X XN2M- XHT AR4R0Y/R ANGE 

CALL.  AL  INEVIPROB.  XXNUM.  PRO  .UETA.tO) 

CALL  AL INE  YI  SOMPRO . XXN2M . PRO  .BETA, 10) 

1F-XPRQB.LI.0.Q)  ,PRQlijvQ^Ofl. _ 

IF( SOMPRO. LT. 0.0)  SOMPROsO.OO 
VPRI II l-PROB 
DRT Y ( I I » = SOMPRO 

C 4S-MRT  FOR  DELTA  T AND  OELTA  P 

CALL  AL INE Yl  FRM.DETE .FFT .RT45.20) 

CALL  ALINEYiRQGEH.PQMER.FFT.ELANAa.20l 

XXNUM* XNTARMFR M/RANGE 

XXN  1M-XHTAR* ROGER/RANGE 

CALL  AL INE V( PROS . XXNUM  * PRO  .BETA. 10) 

CALL  ALINEYIP0MPR0.XXN1M.PR0  .BETA. 10) 

IF1PR0B.lt. 0.0)  PHOB*0. 00 

IF1POMPWQ.lt. 0.0)  PQMORQ«0.00 

X45T41 I I )*PROB 
X45P41 II )»POMPRO 

C MFOV  X-MRT  FOR  DELTA  T ANO  OELTA  P 

CALL  ALINEYIFRM.0ETE.MF0V.XXMRT.20) 

CALL  AL INE VI  ROGER « POMER . MFOV .EL ANX , 20 ) 

XXNUM-  XHTAR4FRM/RANGE 

XXN IM*XHTAR4R0GER«  RANGE 

CALL  AL INEY1 PROB. XXNUM. PRO  .BETA. 10) 

CALL  AL I NE  Yl POMPRO • XXN1 M • PRO  .MET  A. 10) 

IFIPROB.lt. 0.0)  PRQB*0«  00 

ifipompro.lt. o.c ) pompro—o .00 

SOME!  II  )-PRQB 

XFRM1 It ) -POMPRO 

C-- MFOV  Y-MRT  FOR  DELTA  T AND  DELTA  P 

CALL  ALINE Yl FRM ,OE TE * MFOV. V YMRT ,20) 

. --CAU.  ALINEYtROYiPPMEK. MFOV. ELANY, 20 > 

XXNUM— XHTARMFR M/RANGE 


1 


'll 


•J 


i 


I 


XXM2.Ua XHT  AR*RO  Y/U  ANGE 

CALL  AL  I NE  Y(  PROS  • X XNUM  • PRCI  .BETA, 10) 

.CALL  ALINEY1  SQ»gR0.iJ<KN2H.PHU  .BETA.  IQ) 

IF(PROB.LT.O.O)  PROB-O.OQ 
IFISQMPRQ.LT.O.O)  SOMP«0=0.00 
yor( i i )»prob 

YFRMI II)*SQMPRO 

C MFO  V MITH  45— DEGREE  MR  T FOR  DELTA  T AND  DELTA  P 

CALL  _ALlM&XlfjUUfltaE»JtF0V.RT45.2Q) 

CALL  AL 1NE V I ROGER • POWER « WFOV • EL  AN4b • 20 ) 

XXNUM- XMT AR *F R ■ /R A NGE 

XXNlMuXHTAR*MOGER/RANGE 

CALL  ALINE YIPHQtt* XXNUM. PRO  .BETA, 10) 

CALL  AL 1NE  Yt POMPRO , XXNt  M • PRO  .BETA. 10) 

lEl£fiatl*U.i$U£).  .PROB*?®.*  5 0 

IF(POMPRO.LT.O.O)  POMPRO=0.00 
X45T31  ttl-PROB 
X45P3C  1 1 >*POMPRO 

CALL  MOT  SNR  ( XMXMt  VMYM.FFFF  .XCTFF  »H  *DE_<_T  AF  , RANoE  . T R ANS  , S PROD , XXNET 

l.OS) 

DSN  ( II  > = DS 

c ..... 

C DETECTION  MI TH  S I GNAL- TO-NO 1 SE 

c 

ATT*  XLT  AR  *XH  TAR 

R2»RANGE«*2 _ 

TO* OETEMP* TRANS 

ARC* I AT  T /DEL  TA  X/DE  L T A Y/H  2+  1 . > * * 0 . 5 

TARC*(ATT /DEL  TAX/OEL  TA V/R2/F  ACT /F  AC  T*  1 • > **0.5 

BARC»0ELTAX*DELTAY*R2/ATT*l. 

TEaARC*DELTAX*DELTAr*F ACT*F ACT*R2/ATT*1 . 


IFITEFR.lt. 1.0)  T6FR*  1.0 
TSEl II )* TO/ XXNET /8ARC  *ARC*TEFR**0 .5 
SSE ( 1 1 ) * TD/XXNE  T /TEBARC  * T ARC  *TEFR**0.5 
6065  CONTINUE 

1 FI JPR INT .EQ.OIGO  TO  B0I2 


>.*2CjQQX. 


MR  I TE( A • 9020  IDE  TEMP 

0020  ^QRMATt 1H1.22WDETECTI0N  BASED  ON  MDT/IH  » 27h  T ARGET  DELTA  TEMPERATU 
IRE  IS. F10. 2.  11H  DEGREES  C//> 

M8I.TE16.9021  K XQRt  I ) .DDTI  1)  .DSN(  I > .ROS.M  I ) ,1  = 1 . II  > 

9021  FORM AT ( BX.  5HR ANGE  » 6 X » 9H A TM  TR ANS , 5 X .3HS/N, 5X , 1 1 HPROB AB 1 L 1 T T / / 

miu£a«autUAii) 

IF  ( IAFLG  .EQ.  1 » MRI  TE « 6 . TOO 0 ) 

MR! TEL  b. 9099 )0E  TEMP 

9999  FORM  AT  1 1 HI ,2 IHCETECT I ON  PERFORMANCE/ 

I20H  TARGET  delta  TEMPERATURE  IS,Ft0.2,l3H  DEGREES  C) 

MRITEI 6*9900 ) 


9900  FORMAT! 1H  .16HNF0V  PERF ORM ANCE/ 3AH  TEMPFRATURE  DEPENDENT  PER FURMAN 
ICE) 

MRULE16.9a»a>  l XDRI  I ).DOTU  ) • XPH I I ) ,YPRI  l ) ,X45T4l  I >,1  = 1,11) 

IF  I IAFLG  .NE*  1 IGO  TO  2002 

..  .JMJTeiO.TOQQ) 

MR  I T El  6*  9999 )0E TEMP 

MRITEt  6.9901  J 

9901  FORMAT C IH  • t 6MNFOV  PERFORMANCE  > 

2002  MB1TEI6.9699 ) I XDR 1 1 ) ,DDT 1 1 ) .DRTXt I > .QRTY I I ) . X45»4 1 1 > , I = 1 . 1 1 ) 

IF  I IAFLG  .EG.  1 )MRI  TE(  6. 7000  ) 

MRITEI  6*  9999  IDE  TEMP 

MRITEI 6* 9797) 
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9797  FORMAT! IN  .ldHVFOV  PERF  URMANCE/34H  TEMPFRATURE  DEPENDENT  P EK  F OHM  AN 

l Ct  ) 

«mrtC6.9a9a)  < xdrc  i s .ddtc  i ) .some!  t ) .yorii  ) . x*aT3 1 n • i*i  • 1 1 > 

IF  ( 1AFLG  .NE.  1IGO  TO  2303 
WRI TE!  6,  7000  ) 

T.4ITEIU.  9999  >OE  TEMP 
•RITE! 6.9902 ) 

9902  FORMAT! IH  , l 6M«FOV  PERFORMANCE  I 

20 C 3 *Hl Tt! 6. 9699 ) ( XOH!  I I .OUT! I ) . XFRtf  ( 1 I . TF  F!«  { 1 1 . X4  5PJ  Cl I . 1 = 1 • 1 1 ) 

96  96  FORMAT!  1H  . 5HR  ANGE  , 6 X.  9H  A TM  TRANS. 6X.7HX  Dr£  T T.OX.7HY  DE  T T.6X.8H4 
15  DtT  1 //<  1 X.F5.2.F  15.2. 3F1 6.21  I 
9699  FORMAT!  1H  .27H60WER  DEPENDENT  PERFORMANCE/ 

l IH  . 5 HR  A NOE . 6X.9HA  TM  TRANS, OX.7HX  DE f P.6X.7HY  OET  P.6X.8H4 

15  OfcV  P//1 I X.Fb. 2.F 1 5.2, 3F l 3.2) ) 

6012  CONTINUE 

DFTtMP=DE  TEMP +00  TT 
1006  CONTINUE 
8025  CONTINUE 

IF! JPRINT .EU.01C ALL  OF  A UL T 1FFF F , XMXM . I l . * K ) 

IFIJOVER.LU.il  00  TO  8017 
XNfc  T=  S A VNE T 
GO  TO  6400 
60 17  CUNT 1NUE 
STOP 
ENO 


BLOCK  DATA 

DIMENSION  XINFUT<10J  .OUTPUTIIOl 

ccjmmdn/n  AMC3  / JFLAG_«-  IPRI N T «DQ  T T . OE  TEMPmOPF  AX.  F Af  T » inf!  TB.RUgL  lU 
l I RD  AX,  IROtN.  IRMAX. tRMI N.LUPO.  OUTPUT.  XHTAR.  XI  NPUT.XCV  AR,  I API.® 


COM MON /NAMES /l KOUNT , XMAG ,F  STAR i 
COMMON/NAME A /UXW .OLV.FI  10), SI  10  I «XNET .OELT AX .BELT AY.EVETN.FX.HFCW  • 
1 VF3V  , RMAG,  XN  , XNSC  . OVER  SC  .BftI  IF  .SRIAil-iiDISC  .1 


2XLAMB.FNOMB.FOC.XK.FMAXF.Xr.XVL.FMAX.XSI  Gi-S»  V S IGLS  , X A»V  A ,KKK  • 


31UTAU.  VEL  18EUECJL — — 

COMMON/BLUR/ ABLUR  j 

OATA  HFUV/6.  0/ . VF  OV/A  . 0/ . Tfl/O.  75/  .FNUMB/  U2DVjFOC23^/ ' C 

DATA  ANGLE/6  0.0/. SR  TAD/. 003096/ .OI SC/1 .0/.XN/6A./ .BELT AX/.86/. 

1 DEL  T A V/ 0 • 86  0/. MOM/O / .F  STAR/1  QQQOOOQ.O/ • 0PF-AK/6.A/. 

OATA  FR/ 15.0/. XNSC /O. 76/ .OVER  SC /l .00/ 

DATA  F.ELfcCI/.P«.Q/-*.XK/.ft*  O/.FHAXF/O.Q/ 

OATA  K<K/0/.B«ITE/50.0/.XV/0.00/,XrC/0.00/.XA/0.168»/.r A/ 0.1609/ 

DATA  FACT/2.  0/.  E VE  TM/O  .2/  .XSIGLS/O.O/ »YA1 

DATA  XMAG/A. 80/, XNE T/0.0/ 

OATA  XL  TAR/5 . 25/ , XH  TAR/2. 7/ »D£  TE  MP/ 11.1/ »UiEQ/ i/*OOI I/fl-^JZ 

OATA  IRMlN/500/, I R MA X/5000/ , I ROI N/l 000/ , I RD AX/ 1 0000/ 

DATA  i|tNPtlT/Q*n***Q*3»Q*3»0***Q‘s*Q*fe*^*y^^**  0.0.20^0/  — — 

OATA  OUTPUT/ 2*0. 1,1. 0.2. 0.3.0. A. 0,8.0. 3 *6.0/ 

ENO 


SUBROUTINE  INITl IAFLG) 


TlilS  SUBROUTINE  INITIATES  THE.  1^0.  IT  DETERMINES  I F 
THt  JUB  IS  TO  BE  HUN  IN  AN  INTERACTIVE  OH  BATCH  MUUt 
AND  PRINTS  A B ANNE R WHICH  IDENTIFIES  THE  PROGRAM 
USING  APPROPRIATE  SC.REEN/C AMR t AGE  CONTROL. 

THt  VALUE  OF  IAFLG  IS  CHANGED  TO  RFFLtCT  THE 
R E SUL  T OF  I HE  INTtHACTlVE/BATCH  DtCISlUN  AS  FULLOwSS 


1A)  ^U=  I 
IAFLG= 1 


INTERACTIVE  JOB. 
HATCH  JOS. 


THIS  SUBRJUTINF  IS  NfcCLSSAHILV  SYSTEM  DEPENDENT. 
THERE  ARE  TwO  VERSIONS  - ONE  FOR  THt  CDCUEOO 
AND  1 NE  FOR  THt  IOM360/44. 

THIS  IS  THE  CJC6600  VERSlUN.  IT  ReLILS  ON  THL 
SETTING  OF  SENSE  SWITCH  i TO  MAKE  THt  BATCH/ 
INTERACTIVE  OtCISIUN  AS  follows: 


SSW I=ON 
SSW 1=0FF 


INTERACT  I VC 
BATCH  JOB. 


C*  SENSE  SWITCH  I HAY  8t  SET  UY  USE  OF  THE  SCOPE  4.2 
C*  CUMMAND 
C*  SWITCH.  I 

C*  CARL  SHOULD  BE  TAKEN  TO  USE  THIS  COR RAND  UNLY 

C*  ONCE  PER  SIGNON  AS  RfcPtATtD  USE  RESETS  SWITCH  1. 

C*  THE  CURRENT  STATUS  OF  SWITCH  I MAY  ALWAYS  UE 
C*  FOUND  VIA  THE  COMMAND 

C*  ASSETS 

C*  THIS  WILL  RETURN  THE  STATUS  OF  ALL  SWITCHES  WHICH 
C*  ARE  CURRENTLY  *0N*. 

CW 

C*  CAuL  SSWTCH!  I IAFLG) 

C IF!  IAFLG  .EQ.DGO  TO  10 

C*  BATCH.  SKIP  TQ  NEW  PAGE.  PRINT  BANNER.  AND  RtTURN. 

WRITbltj.  1000  > 

1000  FORMAT! IHl • 1 SX.2SHNVL  THERMAL  SYSTEM  MODEL  . 

II0H*BATCH<  I 2/ OS/74,///) 

C*  INTERACTIVE.  CONNECT  INPUT  AND  UUTPUT,  SJPPHcJS  PAGt  FULL 

C*  WAIT,  CLEAR  SCREEN.  PRINT  BANNER,  AND  RETURN. 

C*10  CALL  CONNECI 5LINFUT ,0> 

C*  CALL  CONNLCI bLUUTPUT.O) 

C wR ITEt  6.  10  10  ) 

C1010  FORMAT! IHOI 
C WHITE! to,  1020  > 

C 10  20  FORMAT!  SH  ' | « 13X, 2SHNVL  THERMAL  SYSTEM  MUUuL  . 

C 1 22H(  INTERACT  IVE  ) 12/0&/74,/) 

RETURN 


>¥O.XD. YD.XB. XE.X TV. V TV, XML. FQQ. CUTOFF. 
IFStDOSTAR. XL MB A, PM, AIRTMP.RVI St T8AC .PRO.XNUM, BET  A, V ML. 

jmamiubawf?.  uitiMiuuagmjjituiatJovm  - 


c*« 

(U- 


GLOSSARY  OF  INPUT  VARIABLES 


CM 

CAE 


CM 


GROUP  OESCRIPTION 


CM* 

C4A 


C«* 

CAE 


(EUR  SYST  SIZE  OF  OPTICS  BLUR  CIRCLE  (MRAO. > 

CM  AIRTMP  EN VI  AIR  TEMPERATURE  (DEGREES  C> — OMITTED  IF  SIGMA  AND  V AV E ARE 
-CM USED 


COED  SHIELD  ANGLE  IOEGREES) 

NUMBER  OF  CYCLES  ACROSS  TARGET  FOR  4-CYCLE  DETEC.  CRITERION 

--CORRESPONDS  TO  PRO 


AVERAGE  01  SPLAY  BRIGHTNESS  t FT . -L AMBERTS > 

LOVER  CUTOFF  FREQ.  OF  ELECTRONICS 

O*  OF  DETECTOR  (I0**(10>  < CM. HZ . • ♦ .5 > PER  MATT  I — IN  NORMAL' 

ITFP  FORM  D MM  Alt  »l.n CORRESPONDS  TO  XLMBA 

IARG TARGET  DELTA  T INCREMENT  SIZE  (0.0  IF  LUPO*1.0) 

OELTAK PETR XEQ  YX-OTREC  II  ON  AT  DETECTOR  (MRAD) 

JUJU QF  TB IFOV  Y— DIRECT-!  ON— A I DETECTOR  (NRADJ 


TARGET  DELTA  T (DEGREES  C) 

-NUMBER  rF  DETECTORS  IN  SERIES  ( MI  Nl  MUM«  1 .0 1 


C** 

CA* 

C** 


.JAP.SF-. 


LUN  TIME  — CURRENTLY  OEF1NEO  AS  0.2  (SF.C.) 
JaaUit-PQMER  SPECTRA  FREQ.  (LOG  HZ.) — CORRESPONDS  TO  S 


CM 


-FACT 


tUJL 


mu  OF  wn«ywFnw  FH  ?a.  . AXI  S- -CURRENTLY  DEFINED  AS  2.0 


CM 

C** 

-CASL 


FMAK 


PETR 


UN.  ELECTR.  BANDPASS.  ASSUMING  RC  ROLLOFF 
1ZDELIAAT1R-L/DELTAY.  VHICHEVER  IS  GREATER  (CALCULATED) 


UIAU- 


FL  FC 


CM 


FBta.  OF  ANY  EIFCTR.  tPFBTUHE  CORRECTION  (KHZ.) (LEAVE 

BLANK  TO  IGNORE) CORRESPONDS  TO  XK 


FNUMB 


OPT! 


F-NUMBER  OF  OBJECTIVE  LENS  SYSTEM 


C** 


FO 


ELEC 


UPPER  CUTOFF  FREQ.  USED  AS  NORMALIZATION  POINT  FOR  POM  Eh 


NAME 


GROUP  OESCRIPTION 


CM 

.CAM FOC  DPTl  FOCAL  LENGTH  OF  OBJECTIVE  LENS  SYSTEM  (INCHES) 

CM 
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r~> 


CFF 

fq 

FCMR 

CFF 

CFF 

EOU 

FL  HZ 

cff 

CFF 

FR 

SCAN 

CFF 

CFF 

FST  AH 

DET  2 

CFF 

CFF 

HFUV 

OP  11 

cff 

CFF 

IDEL  TR 

KANG 

c** 

cff 

I DLL  X 

RANG 

CFF 

c** 

IRQ  A X 

RANG 

cff 

CFF 

1 RD  I N 

RANG 

CFF 

CFF 

IRMA  X 

RANG 

CFF 

C*F 

IRMl  N 

RANG 

CFF 

CFF 

ISTATE 

LNVl 

CFF 

CFF 

c * • 

CFF 

CFF 

CF  * 

JFK INT 

CFF 

CFF 

KK.X 

DI  SP 

CFF 

CFF 

CFF 

LUPO 

T ARG 

CFF 

CFF 

MUM 

DLTR 

CFF 

CFF 

CFF 

CFF 

OUTPUT 

DBRC 

CFF 

CFF 

OVER  SC 

SCAN 

FREQ.  (CYC. /MRAD. > —CORRESPONDS  TO  XO  » YO  • XT  V » VT  V ,XI*U»fc-  VML- 

FKEU.  ( l C *♦{  7 IHZ)  ) — CORRESPONDS  TO  XD*  VO,  XE,  t XB _ 

FRAME  RATE  UF  SCANNER  (FRAMES/ SEC, I 

3-DB  POINT  UN  DETECTOR  RESPONSE  ROLL Of F (lOFF(a)HZ.) 
HORIZONTAL  F t ELD  OF  V t EM  (DEGREES)  


RANGE  INCREMENTS  FOR 

range  increments  FOR 

MAXIMUM 

DE  TtC  » 

RANGE 

MINIMUM 

DETEC. 

RANGE 

MAXIMUM 

RECOG. 

RANGE 

MINIMUM 

RECOG. 

RANGE 

RECOG,  DAT 
OETfcC.  OAT 
REQUIRED  ( 
REQUIRED  ( 
REQUIRED  ( 
REQUIRED  ( 


A (CALCULATED) 
A (CALCULATED) 
METERS) 

METERS) 

METERS) 

METERS) 


ATMOSPHERIC  CONDITION  FLAG — 1.0*FQG  M/  I KM,  VIS,!  3, Of 
FOG  M / 200  M.  VIS.!  A.O=FOG  «/  60  M.  VIS,!  S.0*L(GHT 
RAIN  «/  12  KM.  VIS.!  6.0*MOO.  RAIN  m/  b KM.  VIS.!  7 .0* 
HEAVY  RAIN  */  2 KM.  VIS.!  B.0=VERY  HEAVV  RAIN  MX  500  M. 
VIS,!  30.0=BEER'S  LAM  SCATTERING!  40.0*BtER*S  LAM  AUENl 


PRINT  UPTION  — 

TYPE  OF  DISPLAY — 0.0=CRT  MITH  GAUSSIAN  SPOT  SIZE!  I.OaLED 
«ITH  SIN  XXX  SPOT  SIZE!  2.0=NO  DISPLAY 

NUMBER  OF  ITERATIONS  DF  TARGET  DELTA  T 

SYSTEM  NOISE  LIMITATION — 0 . O'DF.TECT  OR  NOISE  LIMITED  ( D* 

MUST  INCLUDE  COLO  SHIELD)!  ».0=SHOT  NOISE  (BLIP)  LIMITED 
2,0=MHITE  NOISE  APPROXIMATION 

DISPLAY  BRIGHTNESS  CURVE  ITT,  LAMBERTS) — CORRESP.  TO  XINPUT 
OVCHSCAN  RATIO 


CFF 
C *« 
CFF 

c»* 

c** 

c** 

c** 

c** 

C»F 

C** 

c*» 

cff 

cff 

cff 

cff 

c** 

CFF 

CFF 

CFF 

cff 


PKU  F D HP  PHOB.  ARRAY  FROM  FIELD  DATA  FOR  RSCOG. — CORRESP.  TO  XNUM 

L XNMB 

RH  ENV1  RELATIVE  HUMIDITY  I X. — OMITTED  DR  -0.0  IF  SIGMA  AND  MAVE 

ARE  USED 


NAME 


GROUP  DESCRIPTION 


K V 1 S ENVl  VISIBILITY  RANGE  ( KM, I — OMITTED  IF  SIGMA  AND  MAVE  ARE  USED 

6 NPSP  NIJISE  POME  R SPECTRA  POMER  (IO*F(-9>  V.HZ.**.5> — CORRESPONDS 

TO  F 

SIGMA  SCAT  ATMOSPHERIC  SCATTERING  OH  TRANSMISSION  COEFFICIENTS 

UR  TUTL  CORRESPONDS  TO  MAVE 

SNR  SN4J  SIGNAL  TO  NOISE  RATIO  TO  RECOG.  4-BAR  PATTERN — CURRENTLY 

DEFINED  FROM  EXPERIMENTAL  MORK  AS  2,25 


73 


r 


CW* 

cw* 

SRT  AD 

Dh'TR 

cw* 

cw* 

TA 

TRAN 

cww 

C*W 

TBAC 

THAN 

c** 

cw* 

TO 

OPTI 

cw* 

c** 

VFU  V 

OPTI 

cw* 

C*w 

WAVE 

ATEW 

cw* 

c** 

CW* 

WAVE  1 

OPTI 

c** 

C*W 

WAVE  2 

OPTI 

CW* 

cw* 

XA 

01  SP 

cw* 

cw* 

xa 

BMTF 

cw* 

cw* 

XU 

UROX 

cw* 

cw* 

cw* 

XE 

*M  TF 

cw* 

cw* 

XHI  AR 

TARG 

CW* 

CW* 

XINPUT 

obui 

cw* 

c*w 

XK 

ELEC 

cw* 

cw* 

cw* 

XLAMB 

OPTI 

c*w 

cw* 

cw* 

XLMBA 

OSTL 

CWW 

c*w 

xltar 

TARG 

c*w 

cw* 

NAME 

GROUP 

c*w 

— 

cw* 

cw* 

XMAG 

SYST 

C*W 

cw* 

XM_ 

L ssx 

CWW 

cw* 

cw* 

XN 

OE  TR 

CWW 

CWW 

XNET 

SYST 

CW* 

cw* 

XNMS 

FRCJ 

cw* 

cw* 

cw* 

XNSC 

SCAN 

cw* 

CWW 

XNUM 

FKC4 

cw* 

CWW 

cw* 

XO 

MTOX 

06  TtC  TOM  SIZE  (l0**(-3)  IN.)  — SQUARE  ROUT  OF  AREA 
ATMOSPHERIC  TRANSMI SSI  ON — CURRENTLY  DEFINED  AS  0.95 
SAC  KGRQUNQ  TEMPERATURE  (DECREES  C> 

average  optical  transmission  of  device 

VERTICAL  FIELD  OF  VIEW  (DECREES) 

WAVELENGTH  FOR  ATMOSPHERIC  ATTENUATION  COEFFICIENTS 
( MICRONS) --CORRESPONDS  TO  SIGMA 

BEGINNING  DETECTOR  WAVELENGTH  (MICRONS) 

ENDING  De TEC  TOR  WAVELENGTH  (MICRONS) 

X-D I MENSI ON  OF  LEO  IN  DISPLAY  ( MR  AO  I 

000  S T MTF — CORRESPONDS  TO  * OQ 

DETECTOR  ROLLOFF  MTF  IN  X-DIHECTION  IF  NOT  NORMAL  RC 
ROLLOFF — CORRESPONDS  TO  FOO 

ELECTR.  MTF — CORRESPONDS  TO  FDD 

TARGET  wIOTH  (METERS) 

DISPLAY  BRIGHTNESS  CURVE  DELTA  T INPUT 

AMPLITUDE  UF  ANY  ELECTR.  APERTURE  CORRECTION  (LEAVE  BLANK. 

TO  IGNORE) — CORRESPONDS  TO  FMAXF 

WAVELENGTH  USED  TO  CALCULATE  DIFFRACTION-LIMITED  OPTICAL 

MTF  I MICROMETERS) — USUALLY  TAKEN  AS  AVE.  BAND  WAV  ELENCTH 

WAVELENGTHS  FOR  0* — CORRESPONDS  To  DDSTAR 

target  length  IMETERS) 

OESCR  IPTION 


SYST  SYSTEM  MAGNIFICATION 

lSSX  MTF  OF  LINt-OF-SIGHT  STABILIZATION  IN  X-OIKECTIUN — CORReSF 

TO  FG 

DETR  NUMBER  OF  DETECTORS  IN  PARALLFL  (MINI  MUM* 1.0) 

SYST  NE  OELT*  T — IF  =0.0,  THEN  PROGRAM  CALCULATES  NE  DELTA  T 

FRCJ  NUMBER  OF  CYCLES  ACROSS  TARGET  FOR  J-CYCLE  RECOG.  CRIfERU 
— CORRESPONDS  TO  PRO 

SCAN  SCAN  EFFICIENCY  IN  X-  AND  Y-DIRECTIONS — PRODUCT  OF  X 0 Y 

FKC4  NUMBER  OF  CYCLES  ACROSS  TARGET  F UR  4-CYCLE  RECOG.  CHITERU 
— CORRESPONDS  TO  PRO 

MTOX  MTF  OF  OPTICS  IN  X-OIRECTION  (0.0  IF  DIFFRACTION-LIMITED) 


O- 


V ik4 


: < I,  ■ i 

- ! - y • '/•  • *: $■:  • ;•  . 1 

■T  IjT'ii  ..J  ■"  ' - I— ■ ^ 


-1*,’  . . v ,i 

: • S’  : 


cm 

cm 

.CU It  si  Gl-  S STAB 


CM 

CM 

CM 


CM 

XT  V 

VMTX 

CP* 

XM 

XXMAT 

MRU. 

C** 

MR  T2 

cm 

MR  T3 

CM 

.CM. 

CM 

XY 

ELEC 

CEE. 

CM 

XVL. 

ELEC 

CM 

CM 

VA 

OI  SP 

CM 

CM 

YO 

DR0Y 

CAR. 

CM 

CM 

YML 

lssy 

CM 

CM 

CM 

YO 

M TO  V 

-CM. 

CM 

CM 

YS1GL.3 

STAB 

CM 

CM 

CM 


CM YiV 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

-CM 

CM 

CM 

CM 


CORRESPONDS  TO  FS 

EM>.  CONSTANT  TQ  GIVE:  GAUSSIAN  FORM  TO  VIBRATION  MTF — 
«2 I PI  > **2*( SI GMA  XIM2  nHH't  SIGMA  X IS  STD.  DEV.  OF 
VIBRATION  SPECTRUM  IN  X-OIWECTIUN 

MTF  OF  VIOI CON  IN  X-Dl RECT I ON- -C ORRFS PONDS  10  Fu 

MEASURED  VALUES  OF  MRT  . TO  Be  INPUT 
ON  2 CAROS  IN  VALUE  S OF  MRT  *0  .00  I 


X— 0 1 ME  NSI  ON  OF  LED  IN  EU  MULTIPLEXER  (MR  AO  ) 

Y-OIMENSIQN  OF  LED  IN  EO  MULTIPLEXER  ( MR  AO  > 

V— 01  ME NS I ON  OF  LED  IN  DISPLAY  ( MR  AD ) 

DETECTOR  ROLLOFF  MTF  IN  V -0 1 RE C T I UN  IF  NUT  NORMAL  HC 
RQCLOFF— CORRESPONDS  TO  EDO 

MTF  OF  LI NE-OF-S IGHT  STABILIZATION  IN  Y -D I RECT I ON — COWRtSP. 
TO  FO 

MTF  OF  OPTICS  IN  Y-DIRECTION  (0.0  IF  0 I F F H ACT ION-L I M ( T ED ) 

— CORRESPONDS  TO  FO 

EXP.  CONSTANT  TO  GIVE  GAUSSIAN  FORM  TO  VIBRATION  MTF — 

*21  PI  I M2  * I SIGMA  Y>**2  kMERF  SIGMA  Y IS  ST  o.  DLV  . OF 
VIBRATION  SPECTRUM  IN  Y-DI RECT ION 

HIF  OF  XXQ1CON  IN  Y-DIRECTION — CORRESPONDS  TO  Fu 


REAL  NAM  1 
DIMENSION  TIIOI 

DIMENSION  FOOIlO) .FQI 101 

-DIMENSION  XOl  10J  .YDI  10)  ■ XE  f 1 0 > . Xfl  It  0 > 

DIMENSION  XO<  10) . YO<  101 . XTVI  I 0) . Y TV! l 0) ,XML(  I 01 . Y ML { 10 ) 

DIMENSION  DOSTARt 101 .XLMBAI 101 
DIMENSION  SSI  101 .SSI  101 .F3I  1 0 > .F«( 10) 

DIMENSION  DS3I101 iPSatlOl iXLMBAJI 10 1 .XLMBASI 10) 

DIMENSION  OUTPUT! 10) .XINPUTt 10) 

-DIMENSION  - SAVES! 91 .WAVES! 91  . DAVE ( 9)  .SIGMA (9) 

DIMENSION  RI631 

-DIMENSION  PPRQl 1 0) t OXNUMI  10 1 .DBETAI l 0 I , OF  QQI l 0 ) » uXo  < IC1.DYOI  10). 

I ORE I IOI.OXDI  101 .OFOI  101 .0X01  I 01  .DYQ( |0> ,DXTV< 10) ,OYTV( 101.  DXML  ( 101 


75 


2 » DYML ( lOl.OXNMBl  10) 
O IMS  NS  ION  XXMR T( 20) 


C * *4* 

c**** 

c 

C444  4 

c 

c*«** 

c*  *44 


1 l HOAX, 1RD1N. IHMAX, I RMIN.LUPO. OUTPUT, XHTAR.X INPUT .XLTAR, I AFLG 
CON MON/ NAME* /OX*  »DL*.F(  10)  .St  10)  . XNEI.QELT  AX  .DEL  TAV  ,J£X£TJU  FB«  HPOM* 
1 VF3V.ZMAG. XN, XNSC.OVENSC.aR I TE • SRT AD .01  SC • T A , TO . ANGLE .MOM. ZSTAR* 

2 XL  AMO.  FNUMB.FQC.XK.ZMAXF  . X Y . X YL  .F  MAX . X SI  GL S « YS1G.-S.JLX.T  A.KKJl. 

3IOTAU.VbL.ZE  LEC  T 

COMMON  / SPC  A TM./4AVE  iSXIMA 

CONMON/BLUR/A8LUR 

C OMMON/NAME5/I KU UN T . XMAG if  STAR .FELECT »FMAXF  

COMMON/NAME  1 /XDR . OUT .TSE.SSE*  SOME .XPRH .OR  TX • OET EM.FFT  » X XXRT 

C OMMUN/NAMEU/XXMRT  >23.24  ... 

21=0.0 

22=0.0  

23=0.0 

2 4=0  .0  ..  . 

1F( IKOUNT.CT. | )GO  TO  1000 

44*444**44* *4 4*»»4*»**A**»»4 


*,,.*»*.*..*.«*^.*.  data  not  in  data  block  jrdavta  ************** 


DATA  H/4HJ-ORI, 
14N5TA3. 4HSN4B, 
24HFJR2.4H  , 

34HMT0V , 4HVMTX, 
44HDB0T. 4HOBMC, 
54H  «4H  , 

64HTTTL.4H  , 

74HSM0* . 4HLUAQ. 


4MUAND.4H0PTI 
4UFC  TR  lAHLYEB 
4HFLM2, 4HDROX 
4HVMTT.4HLSSX 
4HFRC3.4HFRC4 
4H  .4MENVI 

4H  , 4MMRT3 

4HSAV£i4llfiQ.  _ 


**♦»»*♦♦*»♦»*♦»»»»»♦*»»♦*»»«**»*»*****« 

,4HDE TR.4HDET2 , 4MS C AN . 4HEL EC. 4 HO  ISP. 

.4HSY  ST.J.4H tAb .AU ±AH * 

, 4MDR0  V .4HEMTF , 4HB  MTF . 4HF  CMR, 4HMT  OX, 

. 4HL  SS Y , 4NNPSF .4HNPSP.4HDSTL . 4H0ST  0. 

, 4HFDNP, 4HF0C 1 , 4H  , 4M  , 4H  , 

.4HTRAN.4HSCAT ,4HAT EX .4 HT ASH. 4HPANG. 

.4HMRT2.4HMRTI , 4H I GNR • 4HDONE, 4HENDS • 
•AHE12L-/ 


DETECTION  ♦ RECOGNITION  PROB ABlLI T IES 


DATA  D3ETA/1 2.5. 5. 0.3. 0.2.0. 1.5. 1 .0.. 75. .5 ..25.0.0/ 

DATA  DPR  0 / 1.0, 1.0.  1.0, .95, ,80.^50,  30 ..10. .02. 0.0/ 

DATA  DXNM8/3  7. 5.  15. 0.  9.0.6. 0. 4. 5. 3. 0,2. 25. 1.5, .75. 0.0/ 


DEFAULT  INPUTS  FOR  ‘UNIVERSAL*  SVSTEMS 


S 3/ 64 .0,32.7.  16.0. 7. 12 ,4.0.341 .0 .240.0/ 

DS3/.23, .38, .5, .58. .73. .78*. 88. 2*1.0.. 25/ 

XL  M BA  3/  1.0, 1.5. 2. 0.2. 5. 3.  0.3. 5. 4.  0.4.5. 5. 0.5  .5/  . . 

MAVt 3/ 3. 0.3. 25. 3. 50. 4. 0.4. 25. 4. 50. 5.0/ 

UPEAK3/3.0/, XL AMB 3/4,0/ 

S8/J2.0 , 16. 0.4. 0.2. 25, 4 41. 0.2 *0.0/ 

F8/0  » 0 , 1 » 3 • 2»0jt  4.0. 5.0.6. 0.2  40^.0 J 

058/ 0.56,0.84, 0.86. 0.92, 1.0, 1.4, 1.0, 0.9, 0.74.0. 24/ 
XLMBA8/7.5.8. 0, 8.5.9. 0,9.5.10.0 .10. 5.1 l .0 .12.3}, 13.0/ 
WAVE8/8 .0,9. 0,10. 0.11. 0.12. 0.13. 0,14.0/ 

DPLAK8/1 .4/, XLAMB8/I 1 .0/  . 

OF  30/0. 0.0. 01 .0. 1.0. 2, 0.3, 0.5.0. 6, 0.7 ,1  .0,10.0/ 

0X0/10*1.0/  _ 

DVD/ l 0*1.0/ 

DXE/ 10*1 .0/ 

0X9/10* 1.0/ 

OF  D/0.0.1.0.2.0.3.0.3.5,4.0 ,4. 5, 5,0. 6,0 1 7 . 0/ 
0X0/10*1.0/ 


c** 

c** 

c** 

100C 

c* 

20 

1020 


OAT  A OYO/lOAl.O/ 
OATA  UXTV/IOM.O/ 
UATA  (iVTV/tO*l*Q/ 
OATA  0XML/1041  . 0 / 
OATA  OYML/lOAl.O/ 
DO  9 50  1*1.10 
PR3(  l ) -OPHO<  1 ) 
XNMMl 1 )=DXNMa< I ) 
XNU.M ( I )=OXnUM( t ) 
BfcT A< I >=UBETA< 1 ) 
FQO<  1 )=DFQa(  1 ) 

XO(  l )=OXD<  I ) 

YD!  I >=OYD!  l ) 
xe<  i )*oxu< i ) 
xo( i >=oxa< i > 

FQ(  I ) = DFQ!  1 ) 

xo< i )-oxu( : > 

VO(  l l=OYO<  I 1 
X T V ( I ) — O X T V(  1 I 

Y T V ( 1 ) -OY TV ( 1 ) 

XMl(  l ) =D  XML ! I ) 

Y Ml  < 1 ) — O YML  ! 1 ) 

CON  T INUU 
TOAC=12.0 

A IHT  MP  = 15.0 
HH=45.9  1 
1PK INT=0 
1ST ATc=0 
RV1S=23.0 
TA  = 0 »<i\ i 
OPt 4k=OPEAk3 
Xl.AMIHaXL  AMF13 
OO  Mol  0 J= 1 . 1 0 
s!  J )=S3!  J > 

UD5  T AR!  J > = OS3!  J ) 

XL  MO  A ( J ) = XL  NO A 3<  J 1 

FUUF3IJI 

WAVE!  1 )=R!  51  ) 

00  2511  J—  1.7 
WAVt!  JF21  = *lAVE3!  J 1 
*AVL2=  5. OQ 
•A Vt 1=3.0 
A3LUR=  0 .0 
FO- 10000.0 
CUT  OFF  = 10.0 
SNK  = 2,25 


PROGRAM  READS  FORMAT  INPUT  CARO 


CUNT INUt 

IF11AFLG  .NL  . 1)GU  TO  10 
INPUT  1NTLR AC  I 1 VlLY . 

• ft  1 TE<  6. 1020 1 

FORM  A T ( 52H  tNTER  i)SMU«a)  FOR  USAGF  1 NS  TftL'C  T I ON  UR 

l i ih(  A4. 1 1 ,.t  i > : y 
RLAO(5.10JO)NAM1,JFLAG.JPR1NT 
FORMAT! A4.21  1 ) 

GO  TO  40 

READ! 5. 10101NAMI .JFLAG.JPRTNI 
FORMAT  ( A4.6X.  1 l « SIX.  I 1) 

IF ! NAM  1 .to .R ( 1 ) >GG  TO  2 0C0 
IF  ( NAM  1 .F.0  .R!  l«»  )GO  TU  3000 


CONTHUL  CARD 


••■'‘•••j.w  iw-  jilts 


f 


~7 


I 

! 


I 

! 


l 

i 


i 


c** 

C**  CALCULATED  INPUTS 

jC*± . ... 

OIAM=FOC/FNUMB 
FM  AX  = 1 * O/DEL TAX 

IFI OCl  TAX.GT .DEL  TA  Y)FMA X= 1 . O/OEL  TAT 
I DEL TR= ( IRMAX-IRMI N) /9 
I DEL X=(  IRJAX- IRD IN » /9 

IFlCIAM  1 _ tLQ  .Rl  61  i # DR.  NAM  1 .EQ.HI62))  GO  TO  5000 

HR ITEI 6.5910 1 

5910  FORM  ATI  IX. 71 HORROR  HAS  BEEN  MADE  ON  INPUT  CARO-DOES  NOT  CONF jRM  TO 
1 PROPER  CONVENTION//! 

CALL  EXIT 

CO* 


] 


COO 

CO* 


2000  CONTINUE 

IFI IAFLG.EQ.l )MRI TEI 6.5922) 
5922  FORMAT! 12HLNEXT  INPUT:) 

READ! 5.20 10)  T1 . T2. 1 TII)  .1=1.  7) 
- -2IL1Q — FDR1AT  ( A4 .2X.A4 . 7F  1 0 . 31 
IFI 1 AFLG.NE. I )GU  TO  2002 
IFI  T l.EQ.RI  62)  X.O  TO  1000 
00  2004  1=2.10 
IFIT  l.EQ.RI  l ) )GC)  TO  2014 
2004  CONTINUE 

DO — 2Q0 6 1=  12.15 

IFI  T l.EO.RI  I 1 )GU  TO  2014 
2006  CONT  INUE 

DO  2006  1=46.54 
IFITl.l  . R I 1 ) ) GO  TO  2014 
2003  CONTINUE 


DO-jEOIZ  J = 57».S9 

IFI  T l.EQ.RI  I ) )G0  TU  2014 
2012  CONTINUE 

MRITEI6.5920) 

GO  TO  2000 
2014  WRITE! 6,5921 ) 

- -55121  r^RMATiitit  /) 

• -LL  READF I T) 

2002  . 'IT  l.EQ.RI 3) ICO  TU  2025 
IFIT1. EQ.RI  2 ) ) GO  TC  2020 
IFI T l.EQ.RI  4 ) ) GO  TO  2030 
IF! T l.EO.RI  5)  )GO  TO  2040 


_.LElJ_l_»Efl=R«__6)lGQ  .T.Q  2 050 
IF(  T l.EQ.RI  7 ) )GO  TO  2060 
IFIT1.EQ.RI  6))GU  TO  2070 
IFI  T l.EQ.RI  9 ) )GO  TO  2080 
IFI T 1 .EQ .Rt  1 0 ) )GO  TO  2090 
IFI  T 1 .EQ .Rt  1 2 ) (SO  TO  2110 


JJFMitESI.RU  JiJ-GO  TO  212  0 

IFI T I .EQ.RI 48) )GO  TO  4030 
IFI T l.EQ.RI 49) )GO  TO  4040 
IFI T l.EQ.RI 50) )GO  TO  4050 
IFI T i .EQ.RI 51 ) )GO  TO  4060 
IFI T l.EQ.RI 52) )GO  TO  4070 


IF1T_L.EQ.RI  S3) >GO  TO  4080 

IFI  T 1 .EQ .R | 54) )GO  TO  4050 
IT! T 1 .EQ .R I 59) ) GO  TO  3240 
IF* T l.EQ.RI 58) ) GO  TO  )2S0 
IF| T 1 .EQ.RI 57)  I GO  TO  3260 


IFI  T I.Ku.RI  62) >GO  TO  1000 


1NPUT5  WITH  F10.3  FORMAT  I FOR l ) 


78 


WRITE! 6.5920) 

> FORMAT! l X, 54HAN 
ID//) 

CALL  EXIT 


INPUT  SYSTEMS  CARO  FOR  FORI  HAS  NOT  BEEN  RECOGNIZE 


OPTICS 


i «A^i  1 = T<  l > 

NAV62«T<2>  

GO  TO  2000 
> CONTINUE 
FNUMB=T ( I ) 

FOC  = T<  2) 

TO-T  ( 3 I 

AdLUR=T(  4)  

XL  AM  B=  T ( 5 > 

IF l XLAMB.EO. 0.0)  XLAMB=( WAVE  l ♦MAVE2) /2.0 
IFIXLAMB.LE.  5 . 0 .AND . XL AMB . GE . 3 . 0 ) GO  TO  2000 
IF( XLAMB.LE. 14.0. ANO.XLAMB.GE.8. 0)00  TO  2000 
WRITE! 6aS930) XL AMB 

l FORMAT!  IX.///.T30.4Q!  iti*l  « //20X..J  QH_  Y.QUR  J.NP.U.T..  VALUE  OF.  XI 
IF  10 . 3./20X, 39H  ANO  IS  NOT  INSIDE  THE  SPECIFIED  RANGES///) 
CALL  EXIT 


DETECTOR  INPUTS 


C** 

2030  DELTAX=T(  1 ) 

OEL  T A Y = T ( 2 ) 

XN=T  ! 3) 

DISC=T1 4) 
SRTAO=T(5)/IOOG<0 
OPF AK=T ( 6) 

F0= 1000.04T! 7) 

GO  TO  2000 

C44 

CW4 

C44 

2040  FSTAR=T( 3)*1000.0 
MUM= IFIXITI2)) 
ANGLE=T(  l ) 

GO  TO  2000 

C*4 

C44 

C*» 

2050  FH  = T(  I ) 

XNSC=T( 2 ) 

OVER  SC  — T ! 3) 


GO  TO  2000 

C44 

C*4 

C** 

2060  CUTOFF  - T \ 1 ) 

FELECT=T( 2) 

XT- T I 3) 

XYL=T( 4 ) 

XK=T!5> 

FMri.XF=  1000 .0*T!  6 ) 

GO  TO  2000 

C ♦ ♦ 

C 4 * 

C 4 4 
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c** 

c** 

c** 

2oao 


C4  * 

c*« 

C**V 

c + * 

2090 


C** 

C** 

C** 

2 120 


C** 

c** 

c** 

4030 


<KK=1FIX(M  I)) 
HR  1 T E=T  ( 2| 
XA=Tt3> 

VA=T<  4) 

GO  TU  2000 


XSIGLS=T< 1 ) 
YSIGLS=T<  2) 
GO  TO  2000 


snr=  r< i ) 

GO  ru  2000 
tvErw=r(  i > 

GO  TO  2000 


HFO v=T ( 1 ) 
Vf  JV=T<  2) 
XMAG=T<3> 

F AC  T •=  T ( 4) 
XNtT=r ( 3 ) 
GU  TO  2000 


A IR  TMP  = T < 1 ) 

RH=T(,J) 

W V|3=T( 3) 

1ST  A TE=  IF  I X<  T ( 4 ) ) 

IP* I N I =T ( b> 

lFiRVIS.LQ.O.OIRVI S=  2 3.  0 
21=1.0 
GO  TO  ,>000 


STABILIZATION  INPUT! 


CONSTANTS  (OVERRIDE) 
SN4  B»  FCTR.  fcYtH 


system  inputs 


ENVIRON  ME  iTAL  INPUTS 


ta=t<  1 ) 
TBAC=T( 2) 
GO  TO  2000 


S l GM  A ( 1 J = T I 
S1GMAI 2)«T2 
00  4051  J=.,T 
S I GM  A(  J ♦ . ) = T ( J > 
22=1.0 
go  r o c.  o o o 


ATMOS.  SCATTERING  COEFF, 
ON  TRANSMISSION  COEFF. 


*AVt<  l )=T l 
«AVe<  2 1 = T 2 
00  4 Ob  1 Jr.  I , 7 
AAVEI JF2)=T( J) 


WAVELENGTHS  FUR  ATEN 


80 


GO. IO  2000 

c** 

C»» L TARGET  inputs 

c** 

_4A M XLTAR-T!  1) 

XHTAR-T! 2) 

DETEMP-TI3) 

TBAC-TI 4) 

IFITBAC  .EQ.Q.O) TBAC-12.  0 

GO  TO  2000 


C*4- 

CV* 

4080 


C4* 

C*4 


IRMIN-IFIXITI 1) > 
iRMAX-IF  I*iT_i2)  l 
IROIK-IF IX( Tt  3)  ) 
1RQAX-IF1X!  T!  4) > 
GO  TO  2000 


-CA4 

3240  DO  324S  J-1.7 
3245  XXMRTiJJ-T! JJ4Q.001 
2 3-1.0 

GO  TO  2000 

3250  DO  3255  J-8. 14 


GO  TO  2000 


RANGE  REQUIREMENTS 


INPUT  VALUES  F OR  MEASURED  MR  T 


3250  DO  4265  J-1S.20 

3263  XXMRT( J)-T!J- 14140.001 

XXNRT120)- XX MRT! 201 4100000. 

Z 4-  I .0 

aa  iq  2000 

C** 


C**L  INPUTS  VI TH  Fa.  2 FORMAT 

C*4 

3000  CONTINUE 

IF( 1A-LG.EQ. t ) VR I TEI 6.5422) 

HfcAOiAi  301.01  T lj-I2i.ua  )tX~  LilOl 

3010  FORMAT! A4.A6. I0F5.2) 

IF!  IAFLG.NE.  1 )G0  TO  3002 

IF! T t.EQ.R! 62 ) )GO  TO  1000 


(FURS) 


OQ  3004  1-20.41 

IF1T  l.EQ.Rl  I ) >G0  TO  3006 

30J05  CONTINUE 

VRITE( 6, 5940) 

GQ  TLO  3000 

3006  VRITE!  6.5921 ) 

CALL  REAOF(T) 

3002  IF!  T I .EQ.R! 20) ) GO  TO  3020 

IF1T1.EQ.R(21))GQ  TO  3030 

IF! T 1 .EQ.R ! 22  ) )GO  TO  3040 

IF1Y l.EQ.Rl 24) )G0  TO  3050 

IF!T l.EQ.Rl 24) )GO  TO  3060 
JF IT I.EQ.R! 251 )GO  TO  3070 
IF! T 1 .EQ.R!  26 ) )GO  To  3080 
IF1T1.EQ.R127))G0  TO  3090 
IFCT l.EQ.Rl  28) )GO  TO  3100 
IF! T l.EQ.Rl 29 ) )GO  TO  3110 
IF1T l.EQ.Rl 30) )GO  TO  3120 
IFCT  I.EQ.R!  J1MGO  TO  3130 
IF1T l.EQ.Rl 321)60  TO  3140 


IF!  T l.tQ.kC  33)  »CiO  TO  3150  — 

I F 1 T 1 . EQ  .R(  34)  >00  TO  3160 

IFIT  l.EQ.RUSi  aa_IO-.il 20. 

IF( T I.EJ.R! 36) |G0  TO  3180 

IF(  T l.EQ  .R!  37)  K.0  TO  3190  

1F( T l.EQ.R! 381 )G0  TO  3200 

IF( T 1.ED.R1 39) >00  TO  3210  

1F( 1 l.EU.RI 40) >G0  TO  3220 

IF!T1.EQ.R(4111GQ  TQ  .3230 

IF(  T l.EQ.R!  62DG0  TO  1000 

WRITE! 6.59401  

5940  FORMAT! lXt54HAN  INPUT  SYSTEMS  CARO  FOR  F0R2  HAS  NOT  SEEN  RECOGNIZE 

10//  1 

CALL.  EXIT 

c**  

C**  FREQ.  (LOG  HZ)  FOR  ELECTR. 

C4*  

3020  00  3021  J-  1.  10 

3021  FQO!  J)«T(  J)  . . . 

GO  TO  3000 

C**  

C4*  MTF  OETF.CTOR  ROLLOFF-X 

C4*  _ . 

3030  00  3031  Jala  10 

30 3 X0(J)  = T(J|  . . ... 

GO  TO  3000 

C**  - _ 

C**  MTF  DETECTOR  ROLLOFF-Y 

C** 

3040  00  3041  J=1.10 

3041  YO(J)^T!J)  

GO  TO  3000 

C**  ..  

C*4  MTr-  ELECTRONIC 

c**  . 

3050  00  3051  J-I.IO 

3051  XE!  J ) = T ( J ) .. 

GO  TO  3000 

c**  

C**  MTF  BOOST 

C**  ........  

3060  DO  3061  J=lal0 

3061  XB(  J ) = T ( J ) ......  

GO  TO  3000 

C**  .._...  

C*4  MTF  FREQ.  FOR  SYSTEMS 

C**  . . ..  

3070  DO  3071  J=  I . 1 0 

3071  FUlJlaT^J)  . 

GO  TO  3000 

C**  . 

C**  MTF  OPT1CS-X 

C**  ...  

3080  DO  3081  J= 1. 10 

3081  XO(J  I * T ! J ) _ 

GO  TO  3000 

C**  ....  . 

C**  MTF  OPTICS-Y 

C**  .... 

3090  00  3091  JalalO 

309  1 YOt  J >=T!  J ) .... 

GO  TO  3000 
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MTF  V 1 D I CON— X 


/ 


** 


.1100  DU  3101  J-lilO 
jioi  xrv<j)  = TU) 

GO  TO  3000 

c** 

C4* 

c** 

3110  DO  3111  3=1.10 

3111  YTV(J)=T(J) 

GO  nj  3000 

CA* 

c** 

c** 

3120  DU  3121  3=1.10 

3121  XML(J)=T(J1 
GO  TO  3000 

O* 

o* 

t** 

31.30  DO  3 131  J=1.10 
3131  VMi.<3)  = T<3l 
GO  TO  3000 

C** 

C** 

c** 

3140  DO  3141  3=1.10 

3141  F(3)=T<3! 

GO  TO  3000 


:** 

;** 

3 150  DO  3 151  3=1.  . 
3151  5<3)=T(3» 

GO  TO  3000 

C«* 

C** 

C** 

3160  DO  3161  3=1.10 

3161  XLM6A<  3)  = T(  3 > 

GO  TO  3000 

C** 

C** 

C** 

3170  DO  3171  3=1.10 

3171  DOST  AR<  3 >=T<  3 1 
GO  TO  3000 

C4* 

C** 

c** 

3160  DO  3181  3=1.10 

3161  XIN=»UT  l 3 ) =T  ( 3 > 
GU  TO  3000 

:** 

:** 

:** 

3190  DO  3191  3=1.10 

3191  output;  3 > = T<  3) 
GU  TO  3000 


MTF  V 1 D I CON— V 


MTF  STABtLlZATION-X 


MTF  STABIL IZAT 10N-V 


NOISE 

POWER 

SPECTRA 

FREQ. 

NOISE 

POWER 

SPECTNA 

POWER 

LA  MB  t 'AS  FOR 

D* 

NORMALIZED 

D* 

..  

DISP. 

DELTA 

T INPUT 

DI  SP. 

BRIGHTNESS  OUTPUT 

FREQ.  FOR  3-CYCLE  RECOG* 


\ 

1 

j 

J 


i 

i 

} 


j 


:*♦ 


c** 

3200 

320  1 

C** 

c** 

c** 

3210 

32;i 

c** 

c** 

c** 

3220 

3221 

C** 

C** 

c** 

3230 

3231 

C** 

c** 

c** 


DO  3201  J=1.10 
XNMt)  l J )*T!  J I 
GO  TO  3000 


00  3211  3=1.10 

XNUMI J ) = T! J) 

GO  TO  3000 


DO  3221  J=l. 1 0 
PRO! J ) =T  ! J ) 

GO  TO  3000 


00  3231  J= 1 t 1 J 
BETA! 3)=T( J) 

GO  TO  3000 


FREG.  FOR  4-CYCLE  RECOG. 


FREG.  OlSTRIB.  RECOG.  PROB. 


FPfcO*  FOR  l-CYCLt  Ob  TEC. 


DEFAULT  INPUTS  FOP  GENERAL  SYSTEM 


C*4 

C** 

C** 

C** 

C** 

SO  oc 


7000 
SO  10 
50  lb 
5031 

5041 


printout  formats  fur  input  data 

FORI  INPUTS 


CUNT  1NUE 

IF  ( £ l.t3.l.O.AND.Z2.fU.C.O)  SI  3 MAI  1 1=0.0 

1F1NAM1 .EG.Rlol 1 ) J0VEH=1 

IF  ( 1AFLG  .LU.  1 >DHI TEI 6.70001 

FORMAT (34(/l  . 5M  • | • » • 20X . 1 OP  I NPU I DATA,//) 

IF  t IAFLG  .Nfe.  1 ) *RI TEI6 . 50 10 ) 

FORMAT! 1HI.  10H1NPUT  DATA///) 

«RI TEI  b, 50  lb ) I KOUNT 

FUHMAHIM  . 10HHUN  NUMdE  H , l 5 / / ) 

•Ml  T fc  ( 6 . 50  3 1 ) «A  VF  I , * A Vc  2 

FORMAT!  1M  « 2 IM YU  UR  SPECTRAL  BAND  IS.FI0.3.6H 
I I IH  MICRONS//) 

FRIT  6!  6,  50  41  )U  I AM.F  NUMB  ,F  UC  . TO  . XLAMU.AOL’JR 
FORMAT! 1H  , 6HQPTICS// 


1 O.F10.3, 


3 T6. 30HDIAMETLR  .FIO. 

4 T 6. 30HF -NUMBER  ,F|0. 

5 T6.30HFUCAL  LENGTH  ,F|C. 

7 T6.30HAVG.  OPTICAL  TRANSMISSION  .F1C. 

■3  TO,  JOHSAVtLLNGTH  FOR  DIFFRACTION  .FIO. 

3 T 6 , 30 Hut  OME  Tft l C BLUR  SPOT  SI /E  .FIO. 

FRIT  tl O. 5051  JOEL  TAX.OLLTAY. XN.ul SC. SR  TAD, OPE 

5051  FORMAT!  IH  , BHDE TEC  TOR// 

5 T 6 , 30HHQR l ZON  T AL  I FOV  .FIO. 

6 T 6. JOHYtR T1CAL  IFOY  .FIO 

4 T 6, 30HDETEC Tors  in  parallel  .fig. 

3 T6.30HDETECTJHS  IN  StRlfS  . F 1 C . 

2 T 6.  JO'.UETLCTOR  SIZE  ,F10. 

6 T o,  3 0HPE  AK.  O*  .FIG. 


3 . 1 OH 
3/ 

3 . 10H 
3/ 

3 . 1 1 H 
3 tYH 


INCHES/ 

INCHES/ 

MI  CRONS/ 
MR  A D . / / ) 


AK.FC .ANGLE 


724H  ! IE  10)CM— SORT<H2)/»A IT 

3 Tg, JOHMEASURING  FRL  UUL  NC  Y OF 
l T6.30HCOLD  SHItLD  ANuLt 
IF! MOM .EO.C I *Rl  TE(  6,5053  I 


./ 


»* 


.F 10. C 
.FIO. 


3 i RH 
• 3 » RH 
0/ 

0/ 

5.1CH 

2 . 

.'/H 
3 , 1 IH 


MR AD./ 
MR  AO./ 


iNCHtS/ 


HI  RT  Zt 

DfcGRFtS ) 
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IFIMOM.Ed* 1) »A1 1E( 6*5055) 

t Ft  MOM  «EQ • 2) HR I TEI6.S0S7) 

5053  FORMAT!  IH  . X 6 . 3 0Hi_  1 Ml  T1  NG  NOISE 
5055  FORMAT! IH  *T6. 30HLI Ml Tt NO  NOISE 
5057  FORM  AT 1 1H  .T 6 • 30HL 1 Ml  TI  NG  NOISE 
I0X1MATI0N) 

■RIT5<6.5059)FSTAR 

5059  FORMAT  < IH  • T 6.30HDE TEC  TOR  HE SPONSE , 3- DU  POINT 


IF  tlAFLG.EQ.  I >MRI TE(6.7COO> 

•RITE!  6*506)  >FR.  XNSC.QVERSC 
5061  FORMAT  < IH  • 7HSCANNER// 

» T6.30HFRAME  RATE 

1/ 

g T6.30HSCAN  EFFICIENCY 

3 T 6t  30HOVERSCAN  RATIO 
«RITEt6.S071)CUTOFF .FELECT . XV r XYL . XK ,F 

5071  FORMAT ( IH  « I IHELEC TRONI C S// 

1 T6t 30HPREAMP.COM  FREQ  3-09  CUT-ON 

2 T 6*  30HAPPL I F I ER . 3— Od  POINT 

6 T6.30HE/0  CEP  lilOTH  _ 

7 T6. 30HE/0  LEO  LENGTH 

4 T 6*  30HAPER  TURE  CORRECTION  AMPLI TUOE 

5 T 6* 30HAPERTURE  CORRECTION  FREQUENCY 
IF.  tlAFLG  .Nfc.  | I MR  I TE  ( 6 t 50  1 0 ) 

MRITEI 6.50EI I 

5061  FORMAT  I IH  ZfcUU  SPLAT/) 

lF<KKK.eo;0)MRITE( 6.S0931XA. YA.BRI TE 
IFt XKK.EQ. 1 }WRI TE ( 6. 5096) XA . YA . BRI TE 
IFIKKK.EQ.2IMRI Tfet 6.5099) 

5003  FORM  AT  t IH  * T6  jt  30HTVPE 

1 T6.30HX  SPO  ? SI/E 

2 T6.3QHY  SPO  T SIZE 

3 T 6.  30HAVER AtiE  BRIGHTNESS 

4/) 

5096  FORM  AT  t 1 H *T6*)0HTVPE 

1 T6.30HX  LEO  SIZE 

2 T6.30HY  LEO  SIZE 

3 T6.30HAVERAGE  BRIGHTNESS 

4/) 

5059  FORMAT! IH  .T6.30HTVPE 

IF  < IAFLG  *E0. 1 )MRI TE( 6. 7000) 

MRITEt 6.50»2)FFOV, VFOV.XMAG.F ACT.XNET 
5092  FORM  AT  ( IH  ,6Hf.V  STfc  M// 

1 T6,.30HHQRi;jlNrAL  FOV 

2 T 6t  30HVER  T I CAL  FOV 

3 T 6t  30HMAGNIF ICA  T ION 

4 T 6*  30HMF0  V /NPO V 

5 T 6. 30HN0 I £E  EQUIV.  DELTA  T 
IFlXSIGLS.EQ -O.O.ANO. YSIGLS.EQ.O.O. AND 

l.EQ.  1.0. AND*  VMLI1)*EQ*  UOi  AND*  YMLU  0 
MRITEI  6.5091  I XS I GL S. V SI GL S 
.50.91  FORMAT  I IH  • 1 3HSTABI Ll/ATIUN// 

3 T6.  30HSYSTEM  STATE 

1 T 6*  3 OHM  VIBRATION  CONSTANT 

2 T6.30HY  VIBRATION  CONSTANT 


»0X  .OHDLTLCTUR) 
if'»  t 4HSHGT  ) 

.OH  . t APP  f- 


i l I '.3.91-1 


FkAMl'S/  SFCUNL 


.F 10.3/ 
,F10. 3//  > 
MAXF 

.F  1 0 . 3 . VH 
.F  1 0. 3 .VH 
.F 10 . 3 .VH 
. F 1 0 . b . VH 
tHO.  J/ 
.FIO.C  .Vrl 


HERT Z/ 
riLKl  // 

MR AD./ 
MM  AD./ 

HL«t Z// > 


. I 1 

. F I 0 • 3 ♦ mh 
.F‘  10*3  » VH 
.F  I 0. 3 . luH 

. 1 1 

. F 1 0 . 3 . VH 
. F 10.  3 . VM 
.f 10.3, 16M 


IHCMT  DISPLAY/ 
WMAD . / 

MR AD ./ 

FT.  LAMuLRTS/ 

ihllo  display/ 

MR AD./ 

MR  AD./ 

FT.  LAMotKTS/ 

;hno  display//) 


•F10.3.I 1 H 

. F 1 0 . 3 . I I H 
* F 1 C . 3 / 
.F10. 3/ 

»F 10. 3 , I3H 
. X ML  ( 1 l.EQ. 
) . t O . 1 . 0 ) G O 


DEvWcLS/ 

DEGREES/ 


DtGRttS  C//> 

1 .0 . AND.  XML ( 10  > 

T J SC  V 3 


. 1 3 HU  NS  T AMU 

.F 10. 3/ 

.F 10. 3//> 


5095  VRITEI  6«509o) 

5096  FORMAT! IH  , 1 3H STAUI L I 2A T 1 ON/ / 

3 T 6 . 30HSV STEM  STA  TE 

1 T6.40HX  VIBRATION  CONSTANT 

2 T6.40HT  VIBRATION  CONSTANT 


. I OHST  Abl L I Zl  O/ 
O.CC/ 
0.00/  /) 


...  .-  .a'ei'TF'i--' .. 


V 


5100  MRIT-EI6*  5101  IE  YE  TM,  SNR 

5101  FORM  AT ( 1 M .1SHSTAN0ARU  INPUTS// 

1 T6.30HEVE  INTEGRA! lUN  TIME  .F10.3.10H  ShCUNUS/ 

Z T6.30HTHRE  SHOLD  SIGNAL/NOISE  ,Fl0.3//> 

IF  ( IAFLG  .NE.  I ) MR l IE  l b . 50 1 0 1 
MRlTEt 6i 5*00 ) 

S400  FORMAT  ( IH  . 2 2HA  TMCJ  SPHER 1 C PARAMETERS/) 

IFl Z 1 .EU . I ,0 . AND .Z2.EQ. 0. 0 ) GO  TO  6000 

IFIS  IGMAt  1 I.EQ.HI  SOI  ) GO  TO  S\J0 

IFISIGMAt 1).EU.R|S4))  GO  TU  5420 
6000  CONT  INUE 

IFl ISTATE.NE .0.0)  GO  TO  5410 

IFIR VIS.LE.l .01  RH»100.0 

IFl R VI S.GT. 2 3.01  MR  I TE( 6.540? > 


5404 

5405 

5406 

5407 

5408 


ieiRyi-S«l^EJ.2J...ftiAMOjH.VlS*GT.lO 

IFtRVIS.LE. 10. 0. AND. RVIS.GT.  6 
IFtRVIS.LE.  6.0. AND. RVl S.GT.  3 
IFtRVIS.LE.  3. 0. AND. RVl S.GT . 1 

IFtRVIS.LE.  1.0. AND. RVl S.GT.  0 
IFtRVIS.LE.  0.5. AND .RVl S.NE.  0 

5402  FORMAT! T6.30MCQNQ I TION 

5403  FORM  ATI T6.30HC0NOI TION 
FORMAT  t T 6 . 30HCQNDI TION 
FORMAT!  T6.30MC0NOI  TION 
FORM ATIT6.30HCQNDI TION 
FORMAT { T6. 30HCOND I TION 
FQHMAI  lT,6.30MLQND-t  LlQfeL 

MR IT  El  6. 5401  >R VI  S.RM, AlRTMP 
5401  FORMAT! 

1 T 6. 30HV ISIBILI  TV  RANGE 

2 T6.30HRELATIVE  HUMIOITV 

3 T6.  3 OH  AIR  TEMPERATURE 


6.5*03) 
6.5404 ) 

6 .5405 ) 
b .5*06 > 
6.5407) 
6.5408  > 

. 10HVERY 

CLEAR) 

• 10H 

CLE  AR ) 

. 1 0 HL  I GHT 

HAZE) 

. 10H 

HAZF.) 

. 10HHLAVY 

HAZE) 

. 9 HL  I GHT 

FOG) 

.VrlHEAVY 

FOG) 

.FIO.3.1  *H 

KILOMETERS/ 

.FI  0. J . 1 IH 

PERCENT/ 

.F 10. 3. 13M 

OfcGR)  tS  C/  ) 

GU-ia  5A.5-Q  

5410  CONTINUE 

IFl  ISTATE.NE. 1.0)  GO  lO  5412 
RV 15*12.0 
MR  IT  El  6. 54  11  ) 

MR  I T El  6. 54  01  »HV1  S.RH, A I RTMP 

-5AU EOHHAI  I IUN  .KhligHT  RAIN) 

GO  TO  5450 

5412  CONTINUE 

IFl ISTATE.NE. 2. 0)  GO  TO  541* 

RV IS®6 .0 
MRITEt 6.5413) 

MR  IT  El  tu  5AQLl&V.l-S*BHxAi-BTMP 

5413  FORM  ATI  T6. 30HCONO  I T l ON  , 1 3HM.JDF  R AT  E RAIN) 

GO  TO  5450 

5414  CONTINUE 

IFl ISTATE.NE .3.0)  GO  TO  5416 


RV1S»2.0 

MRITE16.5415) . 

MR  I T El  6 . 5401  >R  V l S.  RH  . A 1 R TMP 

5015  FORM  AT  I T 6, 30HC0ND I T I ON  , 10HHLAVY  RAIN) 

GO  TO  5450 
5416  CONTINUE 

1*1  ISTATE.NE. 4.0)  GU  TO  5418 
R V IS »0  « 5 . . 

RH* 100.0 
MRITE16. 5417) 

MR  IT  El  6. 5401  >RVI S.RH. At RTMP 

54)7  FORMAT I T 6. 30HC0NU I T (ON  . 1 5HVLRV  HEAVY  RAIN) 

GO  TO  5450 
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TOIL  CARD*) 


11MR1  TM  0.7000) 


\ CONTINUE 

IK  1 STAT fc .EQ .31 .01  MRt T£ (6. 5441  ) 

FORM  AT  ( )H ! , I M ,40H*********Y0U  ARE  MI  SSI  NG  THE  SCAT  CARO*) 

IF!  1 STATt.fcG .41 .0>*RI TE( 0.5442  > 

! FORMAT!  1H1 , 1H  , 4 OH  ********* V 00  ARE  MISSING  THE  TOIL  CARO*) 

MRITFI b. 54 14 ) 

» FORM  ATI  IH1 . IH  , 40H***********YQUR  ISTATL  IS  NOT  RECOGNIZED) 

IF  ( IAFLG  »fcQ.  I )GQ  TO  I COO 
CAUL  EXIT 
i CUNT 1NUE 

IF  (IAFLG  .EG.  1 ) MR  1 TM  6 . 7 0 0 0 ) 
mRI T t( b. 5400  ) 

WRl TEI o, 5421  ) 

FOkM AT ( T6. 30HCUNDI  T ION 
1 34H3EER ) S LAM  ATTENUATION  CALCULATION  ./ ) 

MR  I TEI  6.  542  2 I I SIGMA  I 1 ) • M A VE I I > . I = I . 4 ) 

! FORMAT! T6.21H1UTAL  TR ANSMl S SI  UN/KM • 1 OX . 

1 2 iHMAVtLLN  GT  H ( M1CRUNS)  . /. I T 13 .F7. 0 .2  7X.F7.3 ) ) 

GO  T(J  5 4 50 
i CO-NT  INUE 

IF  ( IAFLG  .EG.  1 )MRI  TE(b,70CO) 

MR  IT  E( b. 5400  ) 

*RI TEI b. 54  31  )RH . A I R TMP 
FUkMATI// 

1 T b. 3 OHR  LL  A T I VE  HUMIDITY  .F10.J.11H  PERCENT/ 

2 T6.30HAIR  TEMPERATURE  .FI0.3.I3H  DEGREES  C/ ) 

MRlTE(b,&4  >2) 

i FORMAT  I Tb. 30MCGNUI TIUN  ,JJHBELR*S  L Am  SCATTER! 

1 NG  CaLCULAI ION) 

MR  IT  E( 0.5433 X SIGMA! I > , l = J • 4)  , I WAVE!  I >.1=3.4) 

) FORMAT!  //IH  , To.  JBH  SCATTERING  TRANSMISSION  PER  X ILOMLTER 5 / « T IC.7F7 
1 . 3//T6. 2 IHmAVE LENGTH  (MICRONS) I/.T10.7F7 .3//) 

) CUNT  IN UE 

IF  I IAFLG  *E  Q . 1 ) MR  I TL(  b,  7000  ) 

MR  I TEI o. 54  61  ) ALTAR,  XHTAR.Ol  TtMP . TdAC 
l FORMAT!  IH  , IVHTARCLT  E e) AC KGRUUND// 

1 T0.30HTARGET  LENGTH  .F10.3.10M  METERS/ 

2 Tb. 30HTARGET  MIOTM  .F1O.3.I0H  METERS/ 

3 T6.30HTAHGET  DELTA  T .F10.3.13H  OECBEtS  ..C/ 

6 T b. 30HU AC KGRUUND  TEMPERATURE  .F10.3.13H  DEGREES  C// ) 

MHITC(b.549l)lKMlN.lRMAX,10FLTK.IRDlN.l RD AX . IOELX 
l FORMAT! IH  , I6HHANGE  REQUIREMENTS// 


PERCENT/ 
DEGREES  C/> 


METERS/ 
METERS/ 
OEGHEES  C/ 
DEGREES  C//) 


T 6, 30MM IN,  REQUIRED  RANGC  FOR  RECOG. .110. 10H  METERS/ 

T b»  30HMA  X.  REQUIRED  RANGE  FOR  RECOG . , I 1 0 . I OH  METERS/ 

T&.3QHRANGE  INCREMENTS  FOR  RECOG.  tUOilOH  METERS/. 
Tb.30HMiN.  required  range  for  detec. . t 10. ioh  meters/ 

T b, 30HMA  X . REQUIRED  RANGE  FOR  DETEC . • I 1 0 . 1 OH  METERS/ 

T b, 30HR  ANGE  INCREMENTS  FOR  DETEC.  .110, l OH  METERS//) 


F0R2  INPUTS 


IF  I IAFLG  .NL.  1 I MR  1 TE  I b . 5 0 l 0 ) 

IF  I IAFLG  .Eg.  1 ) MR  I Tt(b»7000) 

MRITtI b.52 11 IFQG.XDg Y0  • XE  , X6 

WRI TEI 6.5201 IFu.XO, YO. XTV.YTV.XML.YML 

FORMAT!  IH  , 1 4HTFMPURAL  MTF*S// 


IH  . 22HFRCG . (LOG  HERTZ) 

IH  « 2 2H 

IH  .22HDI  IFCT.  ROCl  OFF  MTF(X) 
IH  . 22HDE  TEC  T . ROLLOFF  M TF ( Y 1 
IH  . 22HLLEC TRONIC  M TF 
IH  .22MHUOST  M TF 


.1 0F5.2/ 

,101  5H )// 

» 1 0 F5 • 2/ 

, 10F5.2/ 

» I OF  3.2/ 

. I OF  5 • ?// 1 


5201  FORMAT!  1H  . 2 4H  5P  A T I AL  COMPONENTS  MTF 


S// 

0F5.2/ 

>104-51*  ■-=-«  U.J. 


1 1H  .22HFREG.  (CYC./MKAO.) 

1 IH  .22H 

2 IH  « 2 2H  OP  TICS  MTF  (X)  .10F3.2/ 

3 IH  . 2 2H0P  TICS  MTF  (V)  . 10F5.2/ ... . _ 

4 IH  • 2 2HV i O I C ON  MTF  (X)  .10F5.2/ 

5 IH  • 22HVI U1C0N  MTf  (V)  .I0F5.2/  _ . 

6 IH  t 22HST  ABILIZATI  ON  MTF  (X)  .10FS.2/ 

7 IH  • 22HSTACUL1ZAT10N  MTF  lYl U.QE5..2//3. 

IF  ( IAFLG  .EO.  llMRI Td( 6, 70001 

WRITE! to.  5221  )F . S 

3221  FORMAT!  IH  , J7HN01SE  POWER  SPECTRUM  ! VOLTS/SORT (HZ) )// 

1 IH  • 18H*-HEO.(LOG  HER  T2 ) »*F  6.2.6F5.2/  

2 IH  < 19HPQWERI TIMES  IE-9)  .4F 6. ?. 6FS . 2// > 

WRITE(6.5231  >XLMaA.QBSTAR  

5231  FORMAT!  IH  . 36HD*  OF  DETECTOR  ( CM. *SQRT (H2 . > /MATT  I// 

1 IH  • 22HMA  VELENG  TH  (MICRONS)  .1QF5.2/ 

2 IH  ,22H0*  (TIMES  1E10)  .I0F5.2//) 

IF  ( IAFLG  .Nb  . 1 )MRI  TE(  0.501  0)  

WRITE! 6. S2 51  )3E  TA, XNMB • XNUM • PRO 

0251  FORM  AT  ( IH  . 4 3HPET&C  t ION  6 Bf.CQG-Nl.LLBM.PRQa  ABILITY.  DENSI  TY//. 

1 IH  • 1 SHOE  TEC  T I ON  FREQ. 

2 IH  ■ 1 ttHBE ST  RECOG.  FREQ. 

3 IH  , IBHaORST  RECOG.  FREQ. 

3  |H  a lUHPROtlAdlL  I TV 

IF  (IAFLG  *N£ • I IGO  TO  9000 

9QQ1  WR1  T E( 6 • 7005J  

7005  FORMAT! 34( />  . 5H  ' | • 1 l < /)  a 

157H  ENTER  MF I XM  TO  CORRECT  ANV 
2 1 3MCUMPUT  A T I ON  S.  I 
READ (da  10  30) UK 

IF  (UK  .EG.  R(<s7))GO  TO  1000 
IF  (UK  .Nb.  H(66))GQ  TO  9001 
9000  CUNTlNUt 
RETURN 
END 


a 4F  6 . 2 a 6F  5.2/ 
a4F6«  2 a 6F5 .2/ 
a 4F6. 2 a 6F  5.2/ 
a4F6. 2.6F5.2//I 


BAD  ENTRIES  OR  MG OR  TO  BEGIN  . 


SUBROUTINE  RtAUF(T) 

C* 

C 4 THIS  SUBROUTINE  HEADS  INPUT  VARIABLES  IN  FFEL  FIELD 

C*  FORMAT.  IT  IS  SYSTEM  DEPENDENT  4 ND  MUST 

C*  HAVE  TWO  DIFFERENT  VERSIONS  - UNE  FOR  THE  CDCooOO 

C*  AND  UNE  FOR  THE  I HM 360/4 4 .OA T A IS  READ  INTU  THE  T ARRAY. 

C* 

C*  THIS  IS  THL  COCboCO  VERSION.  IT  USES  THF  FORTRAN 
C*  free  FIELD  INPUT  WHICH  IS  AVAILABLE  UNDLR  SCOPE  4.2. 

C* 

DIMENSION  T(  ici 
C*  RE4UIS.* )(  l(  1 ) • I =1  . 10) 

RtTURN 

END 


i 

4 

h 

i 
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SUBROUTINE  MHTINPIWVI  S<  RANGE  . A I U IMP  . HH  . BA  Vt  1 . *AV  E2  , IPR  I NT  . I JK.  . 

I 1ST  ATE  .AFCHL  .PRO,  XNUM,  TO  AC,  XNMH  , OFTA  ,1  l .KM 
....  . REAL  LRTMkii 

D I MENS  ION  FF  T( 20). XXMRT( 20) . XXXRT(20)  .aFUV(20  » , I RTHAN( ! Ol ) . 

1 AFCRL(  161>,TRTRAN(  lb  1 ) ,DUT(oO)  ,XDH(3C)  .SOPL(sO)  , A AVt  ( 9 > , 5 1 gM  A ( V ) , 
2XPH<  50). PRO!  10)  « BE  T A ( 10)  , XN MU ( 1 0 ) . X NU MI  1 0 ) 

DIMENSION  XINPUT(IO)  .QUTPUTI  10) 

DIMENSION  TSE ( 50)  , SSE<  50) , XFR# ( 50  > . OR T X (50  > 

..  C UMXQN/  NAME  4 / X*.  L ■ ■ F ( 1 0 ) . 3(  1 0 ) . XNt  T . DLLT  AX  . DLL  T A Y . E YE  1 M . F R .HFOV  . 

1 VFOV . MM  AO , XN , XN SC . OVEHSC .BRITF.SRT  AO .DISC,  TA , TO , ANGLE , MOM , R S T AM . 
2XLAMB.FNUMU, FOC.  XK.FMAXF  . XY . XYL  .F  MAX  • XS1  GL  S.  Y S ICiLS  . X A , V A ,KKX  . 
3I0TAU. VEL.RFLfcCT 
COMMON  /SPCATM/aAVt . SIGMA 
COMMON /NAME 5/ 1 KUUN T. XM AG .F S TAX ,F ELEC T 

CQMMUN/NAME.1  /XDR  .OUT • TSE «SSt . SUME .XF Ra • DHT X . DtTEM  .FFT.XXXRT 
C OMMON/NAML  3/ JFL AG • JPR £ N T .DO T T . DE Tt MP , DPE A K , F AC T , lUELTX,  I OtLX. 

1 1MOAX. 1HOIN.  1HMAX.  1 HMI N. L UPU . 00 TPU T . XH T AH . X I NPU T , XL t AH. I AFcG 
COMMON/NAMf.a/XXMHT  ,2  J,  Z< 

COM MON /NAME  6/0  XDH ( 50) ,DDOT{ SO)  .OOHT  X<  50 ) 

La=IFIX( ( »AVL2-»AVt t )/0. I )*1 
0PHINT=0 
XL- 1 ./DbLTAX/20. 

F T=  0 • 0 

DU  102  KK* 1 • 20 
F T * F T ♦ XL 
102  FFT(KK)=FT 

UU  -600  KK=  1.20 

XXXR  T ( KK  )-XXMRT(  KM 

XXMR  T(K< ) = XXMHT( KK ) ♦ < J. a/FF  I ( KK ) / 7. 0 *FF T ( 2 0 ) ) **0 .9 
600  CONTINUE 

BFJ  V SCALED  MR  T 
DO  7119  J = 1 , 20 
M19  «FUV( J ) = FF T(  J )/F ACT 
XHH= 0.0 1 *RH 


RANGE  00  LUOP  FOR  RECOGNITION 


OQ  1066  1JK=1,LUPQ 
KK=0 

T T AR  = T0AC  FOE  TEMP 
DO  500  l I=IRMIN, IRMAX.I DELTH 
-RKF.XKF-1  . . 

RANGE* 1 1/1000.0 
XR=R ANGE* 1 000.0 
DO  2 JJ=l.L«f 
! IHTR AN< J J )*1 .0 

CAL.  ATMCRLI R VI S, RANGE • A l RTMP, XRH .BAVEl • A A V L 2 • I PRINT • 1 JX.  1ST  ATE, 
1 AFCRL . 1AFLG ) 

DO  5300  MISS*l.La 

I IHTR AN (MISS) * AFCHL ( MI SS)*!HTHAN(M2SS> 

CALL  QTFE( 0 . I . IP  TRAN, THTHAN ,LB > 

TRANS*TPTRAN(L*  1 /(  a A Vt2-  »A  VI-  I ) 

L)0  T ( KK  i*THANS 
DETE*D6 TEMP* TRANS 
TLt N G*  XL  T AR/R  ANGE 

DEI E *DE  TE •(  TLENG/ 7 . 0*F F T ( 2 0 ) I **0.5 
X — MR  T FJH  DELTA  T AND  DELTA  P 
CALL  AL INt Y(FRa,OE  Tt .FF  T.XXMRT .20) 

XXNUM*  XHTAH*FRa/RANGL 


t* 


CAUL  AU INt V IPHUB, A A NUN « PRO  >KNJM, 101 
IFIPROB.LT.O.Ot  PHOB«O.CO 
XPRI KK)*PHOb 

CAUL  AU INE Y( PKQB  t X XNUN • PRO « XNMd >10) 

ifipkob.lt .o.o)  prou=o.oo 

OODT(KK)*DOT(KK) 

DXDRlKK  >=RANUE 
5)0  OORTXlKK )=PROB 
C 

c 

C Ob.tk.CTUN 

C 

C 

11  = 0 

00  60o5  JX= iKO 1 N . I hoax « l OtL* 

11=114-1 

HAN«iE*JK/lOOO.O 
XR  = R ANGE  4 t 00  0 • 0 
00  6 OOo  K.LM=  ULU 
6006  IRTR AN< KLM >= 1 . 0 

CALL  ATNCKLIHV  IS.KANOL.AI  HTMP.XWH.  lAVtl  • *AVt2»  I PRINT  1.IOX1  LSI  AIL. 
1 AFC-TL.  I A FLO  ) 

OU  5790  M 1 S3  = 1 • L H 

5 790  IHTR AN! Ml  SSI -AFCRLl MI SS)  *IR  TRAN( Ml  Si > 

CALL  UTFEI 0 . I • IHTH AN. TRTHAN.L*) 

THAN  S=THTR  AN  I L« ) /(  NA Vfc 2- «A VE I ) 

OOTl  l I I =T  R AN  5 

DcTE=OE  TEMP*  TRANS 
TLL  N G=  XLTAR/HANvit 

OuTE=Ofc  Tt*( TLtNO/7. C*FF  i ( 20)  > **0. 3 
XOHl  l l UHANGt 

C X NHT  FOR  OtLT A T ANO  OuLTA  P 

CALL  ALINEYIFRA.  OL  TE.FF  T « XXMRT  *20 ) - - . 

X XN  UM  — XHT  AH4FH  X/RA NGE 

CALL  AL INLY! RRUU  • X XNUM .PHQ  , Ofc  T A . 1 0 > 

IF< PROo.LT  ,0 .0 > PROa  = 0.00 
OH  T X I I I >=PRUB 

C NFOV  X-MHT  FOR  OEL  TA  T ANO  OtLT A P 

CALL  AL  lNev(FR*,OETE»#F0V.XXMKT,.20)  . . 

X XNUM  = XH t AH *FR* /RANGE 

CALL  AL  INEYl  PKOQ.  XXNUM.PHO  .BETA. 10) 

IFIPFOfl.l T.0.0)  PHQB=0.00 
6065  XFR t) t I I >=PROB 
1066  CONTINUE 
RETURN 
ENO 


! 

I 

! 

j 

1 

i 

'f 

! 

I 

'J 


3 

S 

■j 

A 

1 


i 

I 


40 


41 


sO  1 


i 

i 


SUBH  OUT  l Nfc  DEVICE!  KM  IF  , YMTF  .XXMTF  • Y Y MTr  «FHtU»XU*tt.VK»M»f  U**0»F0*jCT* 
lYO.XD.YD.XH.Xt.XTV.YTV, XML • YML .FOQ) 

REAL  XU  T AU  - 

COMMON  /DC VMDT/XNMTF <201 , YNMTF (201 
O (ME NS  1 UN  E URO (2  01 

XXMTF( 201  . Y YM  TF (201 

XM IF ( 20 1 , YMTF ( 20)  * 

FH£Q( 20) 

XMKM1201  > YMYMlifll.  ...  __ 

FO<  10) .F0Q<  10) .XLMTF ( 20 1 . YE  MTF (20) 

X0MTF(  20)  . YOMTF(20)  .XO(  10)  .YCl(  10) 

XOMTF  ( 20)  • VDMTF  (20) 

:;0PMTF(20)  .tUPMTF(20)  .XD(  10)  .YD(  10)  

ELMTF! 20) .SMTP ( 20 ) .XSC 1 0)  .XE( 10) 

XTVMTF  1201  » YtVMTF.liOJ  .JULY  11 QJ  t-YXOtjJflJ 

XDSMTF  ( 2 0 ) > YD  SMTP  ( 20  ) 


DIMENSION 
DIMENSION 
O IMENS ION 
DIMENSION 
DIMENSION 
DIMENSION 
D I MEN  S 1 ON 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
D IMENS ION 
DIMENSION 
DIMENSION 


XM TFLSI 20) . YMTFLSI 20 > . XML(  1 0)  .YML(IO)  

XE  YMTF  ( 2 0 ) , YE  YMTF  ( 2 0 ) 

XOHMTF  (20)  .YGHMT. (20)  .ROU(  10)  .. 

X1NPUT1 10) .OUTPUT! 10) 

COMMUN/NAMEJ/JFLAG. JPHINT.OOTT.DETEM  . DPEAK. FACT . 1 DELTA . I DELX . 

1 IHDAX,  IPO  IN.  IRMAX,  l R Ml N . LUPO • OUTPUT . XHT AH • XI NPUT . XCT AR . I AF^S 
COMMON /NAME4/  XM.  LM.FI  10).S(10).  XNE  T • DELT  AX  .QELT  AY  . EY  ET  M.FR.  HEX1Y  • 
1 VFJV . XMAG. XN . XNSC .UVERSC . BR I TE  .SRT AD ,D I SC .T A .TO. ANGL E .MOM, FS  * AR. 


RXLAMb.FNUMB.F  OC  .XK.FMAXF  . X Y • XYL  . F M AX  . XS 1 GLS  . Y S I GLC  .X  A.Y  A.KKK-. 

3IUTAU.Vt_L.Efc.LECT 

COMMON  /ULUR/ABLUK  

COM  MON/ NAME  2 / XU  MTF  , XGBMTF  , XDMTF  . XDPMTF  .ELMTF  . I3MT  F . X T V Mf  F , XEMTF  , 
1X0S4  ( F , XMTFL  S.XEYMTF 
DO  40  LL  = 1.10 
PU0<  LL  >=  10.**»  QU(LL) 

OU  4 1 K = 1 . 10 

KCmM=RUQ(X.)/V£L  ..  

OF sF MAX/ 20.0 


C--DE 

DO  6 12  J = 1 . 2 0 
C=LEDF 
EKtO( J )=C 

Calc  OPT IC(XU.YO.FQ.CRUP.CRDP.C) 

YUM  TE ( J ) — CHOP 

CALL  GEBLUHl XRuP . YHUP.C ) 

XGOM  TF ( J ) = XHOP 

yghmtfi j > = yrup 

CALL  DE  T EC ( XD • YD .R Q Q . XDM . YOM ,D HOP .DROP . C ) 

XDM  TF  ( J ) = XQM  

Y DM  T F ( J ) = YOM 
XDMTF (J)=CHUP 
XDPMTF! J > = OHUP 
YDPMTF! J )=OHOP 

CALL  tM( XE .XB.HQU.ER UP .FRUP.C) 

ELMTF! Jl-fcftUP  . 


i 

j 

, 'i 
■( 


i 

i 


I 

4 

j 


BMTF < J > = ’ RUP 

CALL  CA.4H  A(  XTV.YTV.FQ.  GRUP  . SHOP  . C ) 
XTVMTF!  J ) = GHUP 
Y TVM  TF ( J)=GROP 
CALL  EMI T(HUP.HOP,C ) 

Xf  M TF( V ) *R UP  

YtMTF ( J )=HOP 

CALL  OSPLY! ZUP.20P.C) 

XdSMTF!  J ) = ZUP 
YDSMTFt  J )=ZQP 

CAt  L STABLE!  XML  . YML  .F  U . E)HUP  . ORUP  ,C  ) 
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nor. 


''i*.TFLS!  J >xHRUP 
V I-!  T F L S ( J >=ORUP 
CALL.  ETEBAL!  URr>.ORP,C) 
.evmtf  ( j )=uw p 

YfcVMTF!  J )=ORP 
TOTAL  SVSTtM  M TF 


XHTr  { J )=XUMTT ( J) 4XDMTF! J)*XOPMTF  ( J)  *LL,ATF  t J)  4 0PTF  i J)  * 

3XT  VMTF!  J ) TXEMTF!  J >*  XOSMTF  < J » 4XMTFLS!  J)  *XGfcJMTF  ( J) 

YMTF ( J )=VOMTF( J)  4V0MTF ( J) *1 . 0000900  *T T VMTF ( J > *VtFTF ( J >*  V DSMT F ( J ) * 
4VMTFLS!  J ) 4VGUMTF < J ) 

XXMTF ( J ) =tLM TF( J |*bMTF ! J ) *X  T VMTF  !J)*XEMTF(J)*XMTFLS(J>*XDSMTF(J> 
VVMTF! J )= VTVMTF ( J ) AYEMTF  < J»  * VUSM  i’F  ( J)  *Y  MT  F I.S  ( J) 

XMaM  < J | = XM  TF ( J ) 

VMVM!  J)-YMTF  ( J) 

FUKUIJ )=FREO( J ) 

XNM  T F( J )-XXM TF ( J I 
YNMTFt J)=YYMTF( J) 

612  CONTINUE 

if( jpr iNT.eu-OGU  to  acoo 

IF  ( lAFLfi  .FO.  I ) «RI  TE(  6. 7000  > 

7000  F0RMAT(34(/) . 5H  • | • . . 1 0 X . I bHDt Y 1 Ct  OUTPUT  DATA,//) 

MR ITE! 6. 3001  I 

3001  FORNAT! IH1 .22X.31HX  MODULATION  TRANSFfcR  FUNCTIONS) 

MR  I T El  6. 3994 ) 

MR  ITF,(6»  3000  XFRtUI  I ) , XOM  TF  ( I ) , XGBMTF  I I ) , X OMTF  ( I ) ,XUPMTF  ( I ) , EL  AT  F ( 
1 1 >,BMTF(  1 ) , XT VMTF I I ) .XEMTF I I ) # XDSMTF ( I)  , X MTF  LS  ( I ) , X EY  MT  F ( I > . I = 1 , 20 
2) 

3999  FORMAT!  1H  , 4HFREO.IX,6M  OP  T I C • 1 X , jHCiiJLUW  ,)x  oMOF.I  tC>  I X , 5HR5  PNi 

1 . IX.  SHtLLCT,  IX,  5HOOOST  , 1 X , SH  Vl  UCN  , 2 X , 3HLcl)  ,2  X .SHDSPLY  , 2 X , JHL  US  . * X . 
23HEYE//) 

3000  FORM  AT ( XX|FS*2,11F 0.2) 

IF  I 1AFLG  ,EQ.  1 )MRI  TE(  6,7000) 

Ml)  I T E(  6.3002  ) 

3002  FORMAT! IHl , J l MY  MODULATION  TRANSFER  FUNCTIONS) 

«R  IT  t (6,3003  )|FWt01  I ),  YUMTF  ! I ) , YGRMTf  { i ) , Y DM  TF  ( 1 ) , VI  VMT  F 1 I ) , YE.MT  F 
ill),  YOSMTF!  I ) « YMTFLS!  I ) , YfcYMTF  ! I ) , I =1  .20  ) 

3003  FORMAT  ( |H  , 6X.4HFRE0 ,2X,5H0P  TIC  »l  X ,6HUUBLUR.  2 X , SHDtT  EC  , 2 X , SHV  I OCN, 
1 4X,  3HLEO.  2 X,  5HO  SPL  Y . 4 X , 3HLUS  , 4 X . 3HE  Y i.  //  ( OX  ,FS,2,dF7.2)) 


8000  CONTINUE 

IF! XXMTF! 20) ,L T. 0. 01 . ANO. \ YMTF « 20 ) ,L T.C.O I ) GO  TU  S000 
C 

c 

C X Y.  XYL  MUST  BOTH  BE  ZEHC  OR  NON-ZERO.  SAMt  FOR  X A , Y A 

C 

c 

c 

c 

C r IMU  ZERO  FOR  NOISE  FILTtR 


&.  - 

c 

IF( XV  «EQ .0,0 .AND .XA.GT.0.0) 
IF! X Y .GT.OcO .AND . XA.EQ.0.0) 
|F( XV  .GT .O.O.ANO. XA.GT.0.0) 
1 , AMAX1! I.O/XV. I . 0/XVL) ) 

. iFLXr.«F.a.Q.0«ANO.XA,EQ,0.0> 

DOOM*FURD( 20) 

IF!  DQQM.GT  .tiLUM ) GO  TO  5000 
TACG«2.*DOOM 
5100  CUNTINUUE 

CALL  EM! XE.XB.RQG.fcRUP.FRUP 


ULUMaAMAXl C l . C /X  A, 1 ,0/Y  A ) 
OLUM^AMAXl (I.O/XV, I.O/XYL) 

L3i_UM  — AMAX  1 ! AMAX  I (i  ,0/XA,  I.C/YAI 

HLUM=l 0000.0 


TACO) 
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V 


! 

l 


CALL  CAMR A ! XTV.Y7V.FQ.  GR  UP  • SHOP  t TACO) 

CALL  EMITIRUP.RJ^.TACO) 

£ALL_OSJiLYl.ZUP»£(JP.»  TACQi 

CALL  S T AflLE I XML . YML .F Q .MHUP . ORUP . T ACO ) 

FTMX=£RUP*FRUP*GRUP*RUP*ZUP*HRUP 

FTMY=GROP*ROP*ZUP*ORUP 

IF1FTMX.GT.0.01 .OR .F  TMY.GT.0.01  ) TACO=2.  VTACO 
IF( F TMX .GT.O .01 .OR .F TMY.GT. 0.0 1 ) GO  TO  5100 

QUOM.S.TACQ 

ODF  » T AC  L'/2  0 • 0 
CCs-OOF 

DO  5001  KLM— 1.20 
CC-CC+DDF 
FUHOKLM  ,I=CC 

CALL  fcM.(X£.tXJd  .ROQil£RUP«FRUP-cCC) 

CALL  C AMR  A I XTV.  YTV.FQ.GR  UP  » G Rflp  .CGI 
CALL  EM  Ml HUP.HQP.CO 
CALL  DSPLy(ZUP.ZOP.CC) 

CALL  STABLE!  XML . y ML .F Q .HR UP . ORUf  .CC) 

XXMTF1KLM  > = ERUP*FRUP*GRUP*RUP'»  ZUPWHRUP 

Y YlAJfLI  KuM  J =GKQP  ♦HQP  TiZOP* OHUP  . . ....... 

5001  CONTINUE 
5000  CONTINUE 

IF< JPR1NT.EQ.01GO  TO  8001 

IF  ( IAFLG  .EU.  1 >WRI Tt(5.7000) 

WRITE! 6. 3010  > 

JO_LQ_iQRMArU.tU..51U2JMPR£DXCTtO.  SYSTEM  _.MIF  «yx*lt>HPRE01LIEI>  NOISE 
l 13MF ILTERING  MTF) 

WRI TE( a, 3011 > ( FREQ! 1 1 . XM TF (I  ) . YM TF ( I ) .FORD  1 1 ) .XXMTP (l).YYMTF(I). 
1 l-  1.  20  1 

3011  FORMAT! 1H  .IX. AHFREO  » 8X • 5MX  MTF.flX.5HY  MTF ,5X .AHFkEU.MX . 5HX  MTF , 
18X. SHY  MTF//< IX. F 5.2. 2F1 3.2. F 9. L.2F l 3.21 > 

acoi  continue  . . . .. 

00  1 1J=1.20 

XMTF! I J1*XMTF! I J)*X£ YMTFI IJt 
YMTF1 I J)=YMTF! I Jl* Yd YMTFI I J 1 
1 CONTINUE 
RETURN 

tm. 


s 


V 


SUH* LOT  INL  OP  T l C < XO  . YU,  F kF  O . CP  UP  .CKUP  ,F  L AM  ) 

c 

C OPTICAL  M TF 

c 

U 1 Mu  Ns  I - i fc)(K).YU(IOIil-i’tJllo) 

COMMON/* A Mfc  A/  X*  , L * • t ( 1 C ) , S ( 1 ? ) . XNK  T , UL  L T AX  , OL  L T A Y . L Y F f M . t i , Mf  u V 

1 VF  J V I X'M  AO  t AN  , XN  iC  , O VlK  SC  ,hk  I TF  , o*  T A 0 > ;)  i i C • T A , T O , ANGL  t • MJMif'ST  A*  . 

2 XL  AMU,  FNl/Mfl.  F OC  . XK  . FMA  X.'  . X Y , XYL  .F  MAX  . XS  1 OLS  . YS>  I GLC  , X A , Y A.  XXX  , 
JiUTAU,  VuLjFLLliC  T 

C.7A»=XlH  1 I 

II  <CkAP.(.r.O.O)  CALL  AHNF  YICKUI’.FLAM.XJ.t  Hr:U.10l 
I F { C P AP  • G T . 0 • 0 > C ALL  AL  I NL  Y ( CROP ,F  L A M . Y 'J  . r Rl.  U . I 0 > 

If(CRAP.gT.O.O)  G)  TO  JCC 
XXF  :f  L A M /F  OC  /2  • S4 
A = X <F  * XL  AMI'.*  0 • l *F  NUMH 

t H ( A .LI  . 1 ,u  > C'VUf*=2 . 0/J.  1 A*(  APCJSCA)-A«<  1 . -A**u  » **.;  . •>  > 

IMA.C.T.J.C)  L.<UP=C.C 

C-ulP=CPUP 

icc  cjn  r inuu 

Mtl JPN 
l-NU 


■I 


\ 


i 

l 


SUBROUTINE  GfcBLUkl XRUP . VRUP .FLAM) 

C 

C OPTICAL  U£QK£IR1C  BUJftJlif.-. 

C 

COMMLN  /BLUR /ABLUR 

XMUP  = uXP<-AdLUR*FLAM**f.» 

VRUP=XSUP 

HETURN 

LNO 


\ 

i 


o r> 


Z UHHGUT  I NE  D ET EC  ( XU  « YD  ,F  HE  Q < XDM  . YGM  . URUP  . OHQP  <FLAM)  . 

C 

C DETECTOR  SPATIAL  MTF  . . 

C 

C - 

C DETECTOR  TEMPORAL  RESPONSE 

C - 

HEAL  IOTAU 

DIMENSION  XD( 10) » YQ(  10I.FHEQI1Q1 

C0MM0N/NAME4/  XW.  L«.F(  l 0)  . S(  IQ  I « XNET  *DE  LT  AX ,DELT  AV  . FYETM.  FR  • «4FOV. 
t VFOV  .XMAG.  XN.XNSC.  OVEHSL  • BH I TE  . SR  T AD  .D ( SC  . TA  . T Q.  ANGLE. MOM.FST  All.  .. 
2 XL  AMR . FNUMU) FOC • XK  .FMAXF  , XY.XVL.FMAX ,XSI GLS. VS IGLC.X A*V A.KKK. 

J IOTAU,  VEL  .FELEC  T . 

XFDE 1 = 1 . /2.2DEL  TAX 

YEOt  T=  l ./2./DE;  TAV  

IFIFLAM.tQ.O .0)  GO  TO  301 

XDM=SINt 3. 14*FLAM/2.0/XFDET >/3. I 4/FL AM42 . C 4XFDET  

VOM  = SIN(  3. 1 4 4FL A M/2  , 0 /YFUE  T > /3.  I 4/FL  A M42  .04YFDE  T 

301  IFIFLAM.EG.0.0)  XDM=l.O  

IP< FLAM  ,El)  .0  .0 > YDM=1.0 

OK  AP  = KOI  1 ) 

IF < ORA« .GT .0 .0 ) CALL  AL I NE V ( DROP .F L AM , XD .F HE Q , 1 0 > 

IF(DKAP.GT.O.O)  CALL  AL  I NE  V ( DROP  ,FL  AM  . YD  .F  RE  U . 10  ) 

IFI DHAP .GT .0 .0)  GU  TO  400 

ORUP- l./'<  1 .FlrLAM/F  STAR)  442  ) 440.5  , 

DRUP  = DR UP 

4 ')G  CONTINUE  

RETURN 

END 


subROUT  ine  emi  xe  , xb  ,frf;o  .ERL'P.FRUP.FLAM) 

C 

ELECTRONIC  AND  BOOST  MTF  — 

REAL  IOTAU 

DIMENSION  Xt  ( 1 0 ) , XB(  10)  ,FRF.  01  l 0) 

CUMMUN/NAME4/  X*.  LW.F(IO).SOO)  . XNE T » DELT AX . OELT AY • EY FTH* FH >HFOV. 
l VFOV ,XMAG»  XN. XNSC .OVEHSC ,fc»KI  TE .SHTAD.DISC .TA.TO, ANGLE .MOM.  F ST  AR, 

2XLAMB.FNUMO.FOC  , XK.FMAXr  ■ X . « XYL  » F MAX . XS1 GLS.  YS -IGLC  .X  A.  Y A^XKJL. 

JIOTAU. VEL.FuLECT 
uHAP=XE ID 

IFIERAP.GT .0.0)  CALL  AE I NE Y ( E RUP .F L AM . X E .F RE U . 10 » 

IF( ERAP.GT .0.0)  GO  TO  GOO 
ERUP  = l ./<  I .«■( FLA M/F ELECT)  4 42  ) 4 40. S 

500  CONTINUE  

FRAP  = Xti<  l ) 

IFIFRAP.GT  .0.0)  CALL  AL  1 NE  >'  ( F RUP  .FLAM.XB.F  RE  0.10) 

IFl FRAP .GT .0 .0 ) GO  TO  501 

F RUP  = ( 1 . ♦(  ( XX-  1 . )/2. ) 411  ,-COSI j . 144FLAM/FMAXF ) ) ) 

501  CJNTINUE 

RETURN  ..  

END 
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non  n r>  o 


SUoWGOT  I NL  C AMMA(  X 1'  V • V T \>  , F Hfe  G liHDP  .GHOP  , F L AM  ) 
C 

C TV  C AMLH A MTF 

C 

dimension  xt  vi io) . y: vi 1 o> .fhlo! ioi 
C ALL  AL  1NE  V<  GHUP  ♦ FL  AM  , X T V ,t-  WED  ,10) 

CALI.  ALINEYI  GNOP  .FLAM.Y  TV.FHet),  10) 

«t  TUHN 
tNJ 


SUbHOOTlNL  EMIT!  HUP  .POP  .FLAM  ) 

LED  EMITTtK  MTF 
HEAL  10  T AU 

CUM  MON /NAME  4 / X r , LlfiF)  1 0)  . S<  1 0 ) . XNE  T , DLL T AX , DLL  I AY . l YET  M.  FI),  HfOV  . 
1 VFOV  .XMAG.  XN.  XNSC  ,0  VEftSC  .OH  C Tt  . S.t  T AO  • D I SC  . T A . T U . ANGL  t . MUM . F S T AW. 
2XLAMB.FNUMb.F0C .XX.FMAXF  . XY  , XYL  .FMAX.XSIgLS.YSIGLI.XA.YA.KXK. 
JIQTAU. VEL.FELECT 
IF< XY.EQ.O.O)  GU  TO  7 OH 
IF( FLAM.E0.0.0)  HUP*1.0 
IKFUM.tU.O.O)  HOP*  1 • 0 

IF<  FLAM .GT .J.CI  HUP  = S1N<J.1<*AFLAM*XY)/(3.14*KLAM*XY| 
IF(FLAM.gT.O.O)  HIJPS  SIN  I 3. 1 A*FLAM*XYL)/(J.1AAFLAm*XYL) 

708  IF< XT. EO. 0.0)  HUP=I.O 
IF< XYL. EG. 0.0)  WJP=l.O 
HETUKN 
ENO 


SUbHOOT l N£  JSPLY ( ZUP . /OP, FLAM) 

DISPLAY  MTF  

HfcAl.  10TAU 

(.0MMUN/NAME4/  X*  , L » . F < 1 C, . S I 1 0 > . XNf  T ,DELT  AX  .OF.LT  AY  . EVLTM . FH , HFOV . 
1 VFJ V.XMAG, XN.XNSC.OVEKrC  , OH  I TE . SH TAD .DISC • TA, TO. ANGLE . MOM. FST Aft. 
ZXLAMb.FNOMB.FOC . XX . F M AXF  . X Y . XYL .F  MAX .XSI GLS . YS  t GL C . X A. Y A , XKK . 

31DTAU.VEL. FfcLEC T 

IF(KKX.GT.l)  GO  TO  807 
IF(XKX.EU.O)  70P=EXP(-XA*F«  AM**2) 

IF(  KKX.LQ.O)  Z0P=LXP<-YA*FlkM&*2> 

IF  ( AKK.dD  . 1 . AN-t.FLAM.CU.  0.0)  ZUP=l.O 
iFlKKK.EO.l. AND .FLAM.EO.O.O)  ZOP=l.O 

IFIKKK.EO.  1.  ANO.FLAM.GT.  O.C  ) ZUP -SI  Nt  3. 1 AAFL  AMYJLA-L/3 . 1A/FLAM/XA 

IF  < KKX.lZu.  I . ANO.FLAM.GT.  0.  0 ) ZOP*S  I N I 3.  1 A #FL  AM*Y  A )/3 . 14/FL  AM/Y  A 
007  IFlAKK.GT. 1)  ZUP=I.O 
IFtXKX.GT.l)  ZJL=1.0 

HET  OWN  . 

END 
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SUuRL'UT  IhE  STAdLfU  XML  . YML  .F  PF  J .HRUP .U«UP . F LA M ) 
LOS  i'TAdlL  1ZATIUN 


CUMMON/NmMEA/  X*.  LM.F<  1C>  . 3C  10)  .XNLT  .LILLI  AX  . DuLT  AV  . LYET  M,  FH  , HFUV  . 
l VF3  V « XMAG  • XN.  XNSC  .OVERSC  .BRl'Tfc  • S R T AO  ' l>  I S C • T A . T U . ANGUK.MUA.FSr  AR. 

2 XL  AMd.FNUMB.FUC  . XK  ,F  MAXF  . XV  • XYL  .F  MAX  . XSI  GL5,  Y 3 ILLS  , X A,  Y A.KKK.. 

JIOl  AU«  Vi'.L  «pLLF.C  I 

DIMENSION  XML  ( 1 3> • YMLI  i 01  .F  Ki_Q  l l 0 > 


Hu  A P = X ML  < 1 ) 

UP  AP  a YML  ( 1 ) 

IF  I MHAB  .GT  . 3 .0  » 
Jr ( JR AP .GT  ,0.0) 
IF  ( HWAR  • r.G  « 0.0  I 
IF(OpTP.fcU.3.  3) 
kcTUFN 


LAlL  AL  t NL YlHRUP.FLAM.XML.FRF  G.  I < 
CALL  AL  1 NC  Y ( OB  UP  .FL  A M » Y ML  ,F  Ml.  3 * 1 1 
HPUP=r  -;P(  -X3lGLS*FL A M**2  ) 

URUP=F  K'->t-YSIGLS*FLAM**2) 


SUBRUUTINE  EYEdALIURP.ORP.FLAM) 

E Yt B ALL  MTF 

COMMON /NAME  A/  X*l  . L».FI10}.3(10).  XNE  T tOE.LT  AX  . OELT  AY  . LY  F T M . F P . Hf  JV  • 
IVFO'/.XMAG.XN.  XN  SC  t OVER  SC  « OH  t Tfc.SRTAD.OlSC.TA.IG.  ANGL  ttMUMiFST  ABt 
2 XL AMB. FNUMd. FOC . XX  t F MAXF  . XY . XYL  .F  MAX .XSIGLS.YSIGLC.XA.YA.XXX, 

3 IOT AO, VFL .FELECT 
DIMENSION  SLSIV) • XL(9. 

DATA  SLS/lti  It  18tlt  35|I  «8tlit  J5  |A«I  »♦•(>/ 

DATA  XL/3. .2.. l.»0. .-»• .-2. .-3.  .-S./ 

XXXL* ALOG 1 0<  RH I TE ) 

CALL  AL INEVI SSLS. XXXL. SLS.XL .91 
G AMM  A=  S SL  S*  I .62606 
URP=tXP(-GAMMA*FLAM/XMAG ) 

ORP-EXP (-GAMMAAFLAM/XMAG I 

RETURN 

END 
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SUb  rt  00  1 I ML  XN01  Sfc  ! F 0 ♦ CU  TOFF  ,DD S T AK . XLMbA . SUMO . XB «F0Q ) 

REAL  I0TAU 

CUMM0N/NANE3/-)FLA(i  . JPRI  N T .QP-II  aDEJ£MP*DPE  AK.F  ACT..  10ELTR.  IflEUU 

1 1 RD  AX.  1RD  IN.  IRM A X,  l K M I N , l.  UPO  . OUTPUT  . XHI  AH  . X l NPUT  . XLT  AR  t I AFL.G 
COMMON/NAMEA/  XX.  LX  .FI  10)  »S<  1 0 ) . ANE  T 1 DELI AX  »i>"U.T AY.-EYETM. Ffl.HFCV  » 
t VFOV. XMAG, XN  v XNSC .OVER SC , BK I TE .SRT  AD .01  SC .T A.'  ;• ANGLE .MOM. PST AR. 

2XLAMB.FNUMB.FUC. XK.FMAXF  . XY . XVL.F MAX ■ XSI GLS. Y S IGLC.X A. V A.KKK.  - 

-JlOTAU.VfcL.FcLECT 

DIMENSION  L'  'STAR!  101  . XB(  10)  .FUU!  10) 

DIMENSION  Di>VAH(l6i: 

DIMENSION  XL  MU' A I .0)  - - . 

DIMENSION  XtNPUT! 10) .OUTPUT! 10) 

fn=fnumb 

DEL  A Ms  0 * 1 

XL  = X X 

DO  612  ,l*|(  LX 

XL=  XL  FOE LAM  . . . 

CALi.  AL  INEYC  DD  • XL.  DOST  AR  .XLMBA.IO) 

OJi  OSTAR!  J)  = r.UMO*OD*1.00E*10 
Pt=3. 14159 

CALL  OwP( 300.0.HZ.DSTAR,0£LAMJ 

CALL  BOWT!  FO  .DEl-TAF  .CUTOFF  , XB.FQQ) 
l)ETA  = ANGLE*0.01  75 

IF  I MUM. EU. Cl  XNE  T=4 . 04FN4424DEL  TAF**0 .5/ Pi  / C S RT  AD42 . 54 > / T A/ T O/MZ/ 
•MOISCA40.5)  . . 

IF ! MOM. ED.  1)  XNE  T-4 . OFF N **2 *OE L T AF 4*0 . 5/ Pi ✓ ( S RT AD*2 . 54 1 XT A/T O/HZ/ 

4(OISC**0.5)*SIN( OL TA 1 

IK  MOM. EU. 2)  XNFTs4.0*FN**2*!PI*IOTAU/4.0)#*0.5/PI/ISRTAD*2.54» 

5/TA/TO/HZ/IO  I SC  4 40. 5) 

00FF=PI*IUTAU/4.0 

IF!  JPR  I.NT  .ED  .0)  GU  TO  1500 

IF  ( IAFLG.EO.  1 > «RI TE( 6, 7000) 

7000  FORMAT  ! 341 /)  ,aH  » j ' . . 1 OX  . 1MHXNP1-SE-  OUTPUT  DAT  A./-/1 

WRITE!!:. .000)  HZ .OtLTAF.ODFF 

1000  FORMAT! IHl .27MINTEGRAL  OF  O- STAR *»-PR I ME* . fc» 0 . 3/ . IK  • 22HFX ACT  NtllS 
IE  BANDWIDTH*. E10 .3/. IM  . 2 2H»H I TE  NOISE  B AND* I OTH* • 1 1 0 . 3/ » 

WRITE!!).  1011  ) VEL  _ 

1011  FORMAT!  IH  . 2 4HSC  AN  VELOCITY  IN  MHZ SEC  W.E10.3) 

IFIMOM.EQ.O)  WR IT E (6.155)  XNE  T . 

IFtMLM.tu.I)  WR1TEI6.161)  XNE  T 

1FIMUM.E0.2)  »R I TE ( 6 • 6b6 ) XNE!  

Ibb  FQWMAT!1H  .22HOET  NQISt  LIMITED  NETW.E10.3) 
lot  FORMAT11H  . 2 3HSHOT  NOISE  LIMITED  NfcT*,EI0.3> 
b6o  FORMAT! 1H  .16HWHITE  NOISE  NET*.EI0.i) 

1500  CONTINUE  

RETURN 

END 


SUJROUT  INC  0«k  ( r .HZ  . OS.TAR.Dc  LAM) 

HtAL  X.LAM 
F'kAL  luTAU 

DIMENSION  OSTARI 161 ) ,kAD| ( 1 N1 ) , A< 161 ) 

C0MM0N/NAMt4/  X*  . LN.f  ( lOI.SIlOl  . ANL  T »OLLT  AX  . Dl.LT  AY  . fcYL  T ,4  . F R • HI  OV  . 

1 VF  J V.XMAG.  XN.  XN*iC  .OVERSC  ,MH  ft  .SRT  AO  .DISC  . T A , T L.  A NCL  t . MOM  . F S T AH, 

2 XL  AMl*  . F NUMU , I"  OC  , XX  , F M A XF  ,XY  .XYL.FMAX.XSlOLS.YSIGLC  .X  A.  Y A ,KKX  » 

J IU1  AO, VEl  .FtLEC  t 

DATA  H/t . 6 St-  J A / . C / 3 . C S£  ♦ C t»/  »x/  1 . 30E-23/ 

C 1=  2 .0*H*C** 2 
C2=H*C/X 

lam  = x**  i . ooe-oo 

00  100  J---1.L* 

LAM=LAMFDFLAM*1  .OOL-GO 
02=  C.  2/M  T*L.\M  I 
ji)j=txp(  02 : 

04  = C2/M  r * * 2 I /L  A L 

RAO  1 ( J l*Cl*D4*00  JM  (00  J-  1.  > **21/MLAM**‘>1 
RAOH  J)=RAOI  t JI*OSTAR(  J) 

IOC  CONT INUL 

CALL  O T f-  £ ( Ot  LAM, RAC'  1 , A , L * ) 

HZ=A(L* l * 1 ,COt- 1 0 

«L1 URN 

LNU 


SUBROUTINE  BO*T(F0.DELTAF .CUTOFF  .Xd.FOQl 
REAL  1QTAU 

fiMil(lu/Mtyp>/  KM.  L».t  ( 1 0)  . SI  1 0 ) .XNEI  »Q£LT  AX  . OtLl  AY  .LYE. I M.FR.HFUV  , 
I VF3V.XMAG*  XN.XNSC .OVEHSC .BH l TE. SRT AD.OlSC. T A , T O . ANGLt . MOM. F S T AH. 
2XLAMe.FNUMB.FOC • XX . F MA XF . XY . XYL .F MAX . XS I GLS . Y S I GLC . X A.  Y A. XXX  • 

3I0T  AU.VEL.FELECT 
DIMENSION  B(  15) « T( 1 5) 

DIMENSION  XU( 10* .FQQ( 10 » 

_ JiFA-ALCWUQlE  at-  . 

CALL  AL1NEYC  SF0.XF0.S.F.8I 
FM*F  MA  XF  * VEL 
XLFRE  J*-0 .5 
00  10  J*l,  IS 
XLFREO*XLFHEQ*0. 6 

___CAi-L  _AUiNE.Y LIT  t-XLFREQ*  S » F i d J - 

ifctt.lt  *o«o)  Tr*o.o 
F ZERO* UTAU/2.0 
FRfcO«  l 0.0**  XLF  RE  Q 
IF( FREQ.LT .CUTOFF ) OG*0.0 

IFCFREO.GE.C  JTUFF I CG= l»/(l.*l ( FREO— CUTOFF  IFF ZE RO > ** 2 ) * *0 . 5 
1F.I  lUUEU-xIUOl-  CAU>  . AU  N£  TlHH  .XLF-RtLQ.  XStF  aOtiO  » 

|F(  XX  .GT  .0  .01  HH*(  1 •♦(  ( XI  - 1 . ) /2 . 0 I * ( 1 .-COS  (3  . I A*FRF.Q/FM  > ) ) 

10  T(J  ) *TT  *(  66**2) *HH* *2*1  0.  **XLFKEO/SFC  *2.30 
CALL  OTFE( 0.5, T.B. 151 
OELTAF«B( 1C) 

RETURN 

END 
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subroutine  xhingicutqff .xh.ff.a 


NCH  - I INCLUDE SS.  EQUALS  2 NO  S 

XH.FF  ARRAYS  TO  BE  INTEGRATED  OVER  — . 

S.F  POWER  SPECTRUM  OF  NOl I SF  ARRAYS  6 

A EQUALS  MlOTH  OF  THE  BAR  

XHAG  * SYSTEM  MAQ IF IC AT I 1 ON 

Bfl  « DISPLAY  BRIGHTNESS 

NXH  ■ NUMBER  OF  POINTS  IN  ARRAY  XH 

CUTOFF  * LOW  FREQUENCY  CUTOFF  — - — 

NS  * NUMBER  OF  POINTS  IN  ARRAY  S 


/IfcAL.  IQTAU  . 

DIMENSION  XMI I) iFFI  I > .FFFC  I I « X 1 1000) iGA^I 101  .BBBI  10) 

C0MMUN/NAME4  / M.  Li.F'lO)  ■ SI 10)  ■ XNET .PELT  AX iQEH AY. EY ETM.FR. MgO)U 
l VF3V.XM AG. XN. XNSC.OVERSC.BR I Th.SRT AD, DISC. T A. TO, ANGLE. MOM. FSTAR, 

2XLAMB.FNUMB.FOC  , XK.FMAXF  . XY  . XYL  .F  M AX  . XS 1 GLS.  Y SiGLC.X  A . Y A .KKK-. 

310TAU.VEL .FELEC T 

BAIA  GAK/l.frJjJ  «^2t2«a.L2.aX.JUA7..4.5t>.5»5a»Q.6aW.L  1.0.0/ 


BBS  » LOG  OF  THE  BRIGHTNESS 


t)B=3HITE  . 

DATA  BUB/3. • 2.. 1 ..0. .-1. .-2. .-3. .-4. .-S. .-6./ 
dH«*AL0G10(  BB) 

CALL  AL 1NE Y I G AMR  « 3BM .GAM »BBR ,10) 

GAMMA* GA  MM /XM  AG  4G0RN 
• EG*  200.0 

1EG*  200  . . 

Gf.AUAXlIA.l  ./FF1NXH)  ) 

GF=  l ./GF 
OF*GF 
CONTINUE 
OF  * OF  / 2 • 

CALL  ALiNEYl  TtGF,XHtF_e»NXHl 

IF(NCH.EQ.l)  CALL  AL l NE V ( G • GF • S .FFF .NS  I 
1 F ( NCH  *EQ . 2 ) G*  1 . 

P*  l . 0-CUTOFF  /(CUTOFF  A A2.-GF  *' *2)  4*0.5 
T*G*  CT*6XP(-GAMMA*GF) AS  INC  IGF AA) AP) A4N 
IFIT  *GT. 0.540.01  ) GF*6F4DF 

I FI  T .GT.O«StJ)aQl.l  AQ.  IQ  I QQ 

IFIT  «LT  .0.5-0.01)  GF*GF-UF 
IFIT .LT.0.B-0.0I)  GO  TO  100 
OeLF*GF  4 30. /MEG 

MFG  SHOULD  AT  LEAST  EQUAL  100 

DEL P* AM  I Nil OELF . FF ( NXH ) /MEG ) 

DO  200  J*  1 , IEG 
GF* J40ELF 

CALL  AL1NEYI T.GF .XH.FF .NXH) 

(FINCH.EO.il  CALL  AL1 NE Y( G . GF , S .FFF ,NS > 

IFlG.LT.OiO)  G*0.0 

(FINCH. EQ. 2)  G*l. 

P- 1 . O-CUTOFF /( CUTOFF  **2TGF A 42) 4*0 . 5 
X ( J ) ■ G4 ( T4SINC(GF4A)*E  XPI — G AMM A4GF ) 4P) 44 N 
CONTINUE 

CALL  Q TF E ( OELF .X.X.IEGI 


-'■N 


ai=x<  teu) *2. 

A 2®  OLLF 

IMNCH.LU.2)  GO  TO  *0C 
CRASS*  1 . 0*COTUFF**2/OtLF**? 

CC0.aCHASS**0  .S 

GRASS*  I »0*DhLF **2/CUTOFF**? 

oGv>*  Gil  A SS*  *0  • j 

F uh  IML*0 .0 

DO  309  LLLal.tt 

SO  la  SC. LL  1 

S02*S(LLLF  11 

If  CSU  l *gT  . 1,  O.ANO.SQSS.LO.I.  0)  FPRIME»FFF  (U.LH! 

30C  CUNT  l NUc 

1F(  FPR  IMS  ,cil  . ).0  1 GO  TJ  400 

A2*0.3*OELP-  l .*CUTuFF*  ALUG  < PLLF  / CO  V OFF  FOGG)  ♦ CU  TGFF*0  .5*  AT  ANIOE.LF/ 
1 CUT  3FF  t FFPR  1 Mt  /2  . * ALUG  1 OELF  /4  . 0 /C  UTOF  F / 1 CD  TUFF  * * 2,'  DF.LF*  * 2 *CR  ASS 
«>-2.0*CUTOFF/UtLF*CCC)/CCC) 

AGO  ANS  = A I FA2*2. 0 
Hfc  TORN 
LNO 


SUBROOT  INF.  PLANK!  T1  . T 2 , P . A R T RAN  . RSPX  ) 

C 

£..... 

C Del  T A M IN  W /CM  - 2/M  I CRUNt  TRANSMISSION  AND  O-STAR  ONITLfSS.  Tl 

C CALCULATES  INTEGRAL  OF  DELTA  * A TRANSMISSION  A D-STAR  AHfcKt 

C AND  T 2 IN  DEGREES  C.  P IN  */CM-2 

C 

c 

HtAL  10  T AO 

OOMMON/NAME4/  Xtf  , L » »F(  l 0 ) • S(  10)  • XNET  «DF  LT  AA  • O’.LT  AY  , E Y ET  M , FH  , FtFUV  . 
I VFU  V • KM  AG  • AN  • AN  SC  * O VERSC  t OR  I TE  « SR  T AO  . D 1 !»C  • T A . T U . ANGLE  . MOM  . F S T A R , 
2XLAMB, FNOMB.FOC . XK.FMAXF  , AY , AYL .F  MA A . ASl ULS* YS IGLC • X A t Y A * A AK i 
3 !0T  AO*  VEL  » FELfcC T 
DIMENSION  ARTKAN! 1 00) »RSPX« 20 ) 

Q.LME.NS  ION  RADI ( I 00) *«AD2 < 100 ) , R AU3U 00 > , A! IOC ) 

OATA  C2/1  .<•  JU£F04/,C  X/3.  739OEF04/ 

TlTl*Tl*2?3. 

T 2T  2*  T 24  2 73* 

ALA Max* 

OO  I 00  Jal.LW 
_ &LAM*ALAN*0» l 

RAOl! J)«CA/( XL AM** 5.0) /It XP( C2/KLAM/T l Tl >-l.) 

RA02! JI-CA/I Xt  AM**b.0)/IEXPtC2/XLAM/T2T2)-l.  > 

100  HAD3! JI-AHTRANl J )*RSPX( J) *( RADI ( JI-RA02! J) > 

CALL  DTFE10. I.RA03.A.L*) 

P* A! L* I 
KEIUHt*. 

END 
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SUBROUTINE  MOTI  XMXM.  YMYM.FFFF  . XCTFF  .H  ♦SNM.OKL  T AF  * 

DIMENSION  XMXMl  1 > , VMYMl  l I .F  F FF  I l 1 .H  ( 1 ) 

DIMENSION  DMDT12S)  .UMRAEli 2 SI  — 

DIMENSION  XINPUTI  10)  .OUTPUT!  101 

COMMON  /SNKMQT/DXNTF1201  .OY'4TF120)  

COMMON  /DEVMDT/XNMTFI  20 ) , YNMTF 120) 

COMMON/NAME  J/JFL  AG.  JPHINT.ODt  T .DE TEMP .DPEAK.F  ACt.iOU.ia.  I QfcJL  M . 


I IKOAXt  IRDIN.  INMAX.  IBM  l N.LUPO  .OUTPUT  . LrlTAR  * XI  NPUT  . XI.T  AH  • I AFLG 
CUMMQN/NAME4/  X».  L2.Fi  10)  .Sil  0 1.XNE.t_t  PE  L T AH  .PELT  AY.  EJfEJM.JHj.HRQ' 
I VFOV .XMAtt. XN. XNSC .OVEN SC • BN  I TE . SRT AD .O I SC » T A • T 0. AN  .LE.NOM.FST AR, 


? XL  AMU,  TNUMB.FOC . XK.FMAXF . XY • XYL »F MAX . XS1 GLS . Y S IGLC » X A. YA.LKJU- 


) IOT  AU, VtL.PtLEC  T 

DO  101  KK«l,20  — 

UXMTFI XX  l»  XM  XM|  Mkl FXNMTF1 XX ) 

OYMTF(XX/*YMYM(XX)*YNMTFlKKl  _ 

101  CONTINUE 

XL  * D EL  T A X/  5.  0 - .... 

XX*  0 

XS I0L  * 0.0  - 

102  CONTINUE 

KX*KK«-1  

XSlDt*XSIOE  » XL 
V S I DL*  XS IDE 

CALL  XRINGf XC TFF .OXMTF.FFFF , 20 ,H . 8 • XS I DE . 1 , ANS , 2 • I . 0 ) 

CALL  XHINul  0 . 0 .OVMTF  ,ITFFF  . 20  .H  . 8 . YS I Ob.  2 . ANT  . 2.  1 .0  ) 

DO*  AN  S/2.0*  AT.  T 

CALL  XHINGI  C . 0.  XMXM.Ff  FF  . 2Q  .H.&. ASIDE  .2  .ANS  ».2...i  ..Q* 

CALL  XR ING< 0 .0 . YMYM.FFFF , 20 ,H . 8 . Y St OE .2 . ANT • 2 • 1 .0 > 

UUO*ANS*ANT 

DM O T (XX  l*XN‘i  T*SNH/XSIDE/YSI  DC /DOD •( DELTA Y *VEL *UD/DELT AF/FR/EYETM/0 
1VERSC  1**0. r.  - . — 

DMN  AU( XXl-l.O/XSIDE 

IFIXX.ED.2bl  GU  TO  103  . 

IF1DMOT  ( XX  ) . GE  .0.001.  UK  XX  .IT.  10)  GO  TO  102 
10J  CONTINUE 

IF ( JPR I NT .ED .0  I GU  TO  1000 

IF  C IAFLG  .ED.  I 1WRI TE( 6. 7000)  - 

7 C 00  FUkMAT ( 341/1  . SH  • | • . . 1 0 X . 1 SHMO T OUTPUT  DATA, //I 

MKlTtt  0.8A1  

H 4 HJhM AT  I 1H  1 . AOH^N EDIC TFD  MINIMUM  DETECTABLE  TEMPERATURE! 

hr  irti  b.ajH  dmr  aui  i i .dmdti  t > ,i  =i  .kx)  - — 

H3  FORM  ATI 2X. 1 7HXTARGFT  SIZE<**~l.7X,3HMOT//(SX.E10.3.3X,tl0.31> 

1C00  CONTINUE 
RETURN 


END 


102 


SUBROUTINE  A TMCRL  ( V I S.  .RANGE  , VF.MP  ,HUMl  OY  . W AVE  I . » A V L 2 , (PRINT,  IGU,  1ST 
A4TE, AFCRLI 


THIS  SUBROUTINE  COMPUTES  bHUUNO  LEVEL  ATMOSPHERIC  T R ANS  M 1 a J l UN  PER  .1  HlcRUN 
INTERVAL  FOR  ANY  NANO  BETWEEN  2.0  AND  lo.O  MICRONS.  IT  IS  A SIMPLIFIED 
VERSION  OF  LO  V THAN . THE  AFf.HL  ATMOSPHERIC  MCOEL  AS  UF  JUNE  i vM. 


DIMENSION  AFCRLI 161 k IN  THE  CALLING  ROUTINE. 


INCLUDE  THE  STATEMENT  V I TH  ARRAYS  OF  DIMENSION}  9 
COMMON  /SPC.ATN/SPCLAM  , SPCYHN 

IN  THE  CALLING  ROUTINE.  THESE  TWO  ARRAYS  SUPPLY  INFORMATION  FOR  UPTIUNAu 
atLHS  LU.  RiUALINES*  WHEN  SUCH  CALCULATIONS  ARE  REQUIRED,  SPCLAMIl)  IS  AL- 
WAYS EQUAL  TO  ATE*  AND  SPC  l AMI  2 1 IS  ALE  AYS  4 BLANKS.  THE  UT  HER  7 ELEMENTS 
ARE  W AVELENG TH  S BETWEEN  2.0  AND  16.0  MICRONS  COR  RES PONU I NG  TO  DATA  IN 
SPCTRN.  FOR  THE  CASE  Of  A DEERS  LAV  AT  7 ENU AT  1 UN  CALCULATION,  SPCTHNIll 
EQUALS  TOTL.  SPC  TNN(  2 1 IS  ALWAYS  A BLANKS.  ANO  THE  UT  HER  7 ELEMENTS  ARE 
TOTAL  TRANSMISSIONS  PER  KILOMETER  FOR  EACH  WAVELFNcTh  IN  SPCLAM.  FOR  The 
G/LSE-Of-A -flJEiRS -LA.*  SCATTERING  CALCULATION,  SPCTRN(l)  EUUALS  SCAT.  SPCTRN!.;) 
IS  ALWAYS  4 BLANKS.  AND  »,.E  OTHE.7  7 ELEMENTS  ARE  SCATTERING  TRANSMISSIONS 
PER  KILOMETER  FOR  EACH  WAVELLNGTH  IN  SPCLAM.  TOTAL  TRANSMISSION  IS  CALCU- 
LATED IN  THIS  CASE  BY  COMBINING  THIS  ROUTINE  HUM  THE  ATMCRL  ABSORPTION  ROU- 
TINE. ALL  COEFFICIENTS  PER  .1  MICRON  INTERVAL  ARE  OBTAINED  BY  L INEA«  INTER- 
POLATION USING  SUBROUTINE  ALINEY.  CONSEQUENTLY,  THIS  SUBROUTINE  IS  NO*  AN 
INTEGRAL  PARI  OF  ATMCRL* 

ARGUMENTS! 

VIS  - VISIBILITY  RANGE  IN  K I LOME  T F HS  « 

RANGE  - PATHLENGTH  IN  K I LOME  TERS . 

. - IEMP  --TEMPERATURE  IN  DEGREES  C FROM  -2V  DEGREES  TO  FJB  DEGREES. 

HUM l O Y - RELATIVE  HUMIDITY  AS  A DECIMAL. 

WAVE1  - THE  FIRST  WAVELENGTH  IN  MICRONS  FOR  WHICH  TRANSMISSION  IS  RE- 
QUIRED. IT  MUST  BE  A MULTIPLE  OF  ,1  AND  CAN  BE  FROM  i , C TO 
1&.9  MICRONS, 

WAVE  2 - THE  LAST  WAVELENGTH  IN  MICRONS  FOR  WHICH  TRANSMISSION  ,S  RF- 

. . UUlRED . IT  ALSU  MUST  BE  A MULTIPLE  Of  .1  AND  CAN  BE  FROM  2.1 

TO  16.0  MICRONS. 

1PRINT  - A DIAGNOSTIC  PRINT  VARIABLE  WHICH  CAN  TAKE  ON  THREE  VALULS! 

0 OR  BLANK  - NO  FRINTQUT  FROM  SUBROUTINE. 

1 - ABBREVIATED  PRINTOUT  LISTING  INITIAL  CONDITIONS  ANO 

ABSORBER  CONCENTRATIONS  PER  KILOMETER. 

- — 2 - DETAILED  PRINTOUT  LISTING  INITIAL  CONDITIONS, 

ABSORBER  CONCENTRATIONS  PER  KILOMtTEF  AND  ALL  COM- 
PUTED CONSTITUENT  T R ANS Ml S S I ONS . 

IGO  - INDEX  USED  TO  DESIGNATF.  BYPASSING  PAKT  UF  THE  SUBROUTINE  WHEN 

ALL  CONDITIONS  ARE  THE  SAME  LXCEP1  FOR  THE  RANGE  AND/OR  IPkINT. 
IT  CAN  TAKE  ON  2 VALUES: 

i - ABSQEMER  CDNCtNTR AT  I ONS  ARE  COMPUTED. 

2 - TRANSMISSION  IS  COMPUTED  DIMFCTLY  FWUM  AUtORBLR  CONCENTRA- 

TIONS CALCULATED  FROM  A PREVIOUS  CALL  TO  THIS  ROUT  IN t • 

INITIAL  CONDITIONS  ANO  ABSORBER  CONCENTRATIONS  WILL  NOT  laC 
REPRINTED.  BUT  IF  IPRINT  EQUALS  2,  TOTAL  ANO  CONSTITUENT 
TRANSMISSIONS  WILL  BE  LISTED  FOR  EACH  .1  MICRON  INTERVAL. 

1 STATE  - 1NOEX  WHICH  KEYS  SPECIAL  CALCULATIONS.  INDICES  1-4  ARE  RAIN 

MODEL  S«  THE  VISIBILITY  NEED  NOT  RE  DEFINED  FUR  RAIN  CALCULA- 
TIONS SINCE.  IT  IS  DEFINED  IMPLICITLY  IN  THE  INDEX. 

WHCN  31  IS  USEO,  SPCLAM  ANO  SPCTRN  MUST  Bt  FILLED  IN  THE 
CALLING  POUTINE  AND  SPCTRN! 1 I MUST  BE  SCAT.  WHEN  41  IS  USED. 
THE  SAME  IS  TRUE  ONLY  SPCTRN! I > MUST  BE  TOTL. 


:.mum mfaSd 


k&VV  *r:  $ 


v 


01  - LIGHT  RAIN  - 12  KILOMETER  VISIBILITY 

02  - MODERATE  RAIN  - 6 KILOMETER  VISIBILITY 

03  - HEAVY  MAIN  - 2 KILOMETER  2ISLBILUI 

04  - VERY  HEAVY  RAIN  - 0.5  KILOMETER  VISIBILITY 

>1  - 3EERS  LAV  SCATTERING  

A 1 - BEER  S LAM  ATTENUATION 


IN  ORDER  TO  APPP.Q.UMATE  THE  SIX  MODEL  AIMOSPE  3 £ N 1 flMTBAM.  Impiit  ruf 
TtMPER  ATURS-  AND  RELATIVE  HUMIDITY  COMBINATIONS  LISTED  BELOM  ALONG  MITH  A 
VISI'JILIT"  RANGE  OF  EITHER  5.0  DR  23.0  KILOMET  RS . 


ATMOSPHERE 


TEMPERA!  UREICI 


RELATIVE  HUMIDITY 


US  STANDARD 
TROPICAL 
mijlat  summer 
miulat  minter 
subarctic  summer 
subarctic  minte- 


15.0 
26.84 
20. SA 
-1.16 
1 3.8A 
-15.06 


.45.92. 

.75 

.75 

.75 

.75 

.75 


THIS  PROGRAM  DETERMINES  .1  MICRON  INTERVAL  TRANSMISSION  HETHEEN  3.0  AND  16.0 
MICRONS  TO  WITHIN  J PERCENT  OF  THE  .1  MICRON  INTERVAL  TRANSMISSION  CALCU- 
LATED QY  AVERAGING  THE  TOTAL  WEIGHTED  TRANSMISSIONS  IN  TM£  INTERVAL  AS  COM- 
MUTED BY  LDmTRAN  AT  ITS  FINEST  RESOLUTION.  .1  MICRON  INTERVAL  TRANSMISSION 

BETWEEN  2.0  AND  3.0  M1CKUNS  IS  ALSO.  CALCULATED  .TO  MUHIN  J PERCENT  FXCEPT 

FDR  THE  2.0. 2. Z AND  2.6  MICRON  INTERVALS  WHICH  ARE  CALCULATED  TO  WITHIN  6. A 
AND  S PERCENT  ACCURACY  RESPECTIVELY  OVER  THE  RANGE  OF  THE  TEST  VALIDATION. 

.1  MICRON  INTERVAL  TRANSMISSION  GENERALLY  COMPARES  TO  WITHIN  1 PERCENT  FOR 
WAVEl.ENv.TH  INTERVALS  GREATER  THAN  7.5  MICRONS.  SOME  MINOR  ADJUSTMENTS.  TO  - 
THE  Cl  and  C 2 ARRAYS  HAVE  BEEN  MADE  TO  ACHIEVE  THIS  ACCURACY.  THE  RESULTS 

OF  this  PROGRAM  HAVE  SEEN  VALIDATED  TO  Tilt  FOLLOWING  UQ  CONDITIONS; 

I KM  PATHLENGTH.  9 KM  VISIBILITY  RANGE.'  US  STANDARD  ATMOSPHERE 
15  KM  PATHLENGTH.  23  KM  VISIBILITY  RANGE.  US  STANDARD  ATMOSPHERE 


DIMENSION  AFCKLU61J  . . .... 

DIMENSION  SPCL AMI  9} • SRC TRNI 9 > ,Pl A Y l 1 7 > .PLAY2 17) 

DIMENSION  STORE (161). ALPHA 14) .BETAlAl 
DIMENSION  <(  71  • TX(  3)  ill)(  7) 

DIMENSION  TRI67) .FWI67) . F G ( 6 7 ) . VADENS ( 69 ) 

O IMSNS10N  C I ( 1 41 ) ,C2< 14  1 ) .C3I P 30)  .C4I 1 2 > . C5I 1 5) «C7 1 28 > . VX I 28 ) 

DIMENSION  XNAMEIH)  . _ ...  — . 

COMMON  /SPCA TM/SPCLAK. SPCTRN 

DATA  TESTI .IEST2. TE ST3/4HTQTL .4HSC AT .4HATEW/ 

DATA  ALPHA/12.0.6.0.2.0.0.5/ 

DATA  XNAME/4HLT  • 4 HR A I N * 4H  MOD  .4HFAI N.4HHVY  .4HRA1N.4HVHVV  .4HRAJN 
A/ 

DATA  TR / . . ..  . ..  ...  

1 0.999.  0. 998*  0. 996.  0.994.  0.992.  0.990.  0.980.  0.970.  0 .960 . 

2 0.960.  0.940.  0.930.  0.920.  O.C'IQ.  0.9C0.  0.860,  0 .560 . 0.640. 

30.B2C.  0.900.  0.700.  0.760.  0.740.  0.720.  0.700.  0.680.  0.660. 

4 0.640.  0.620.  0.600.  0*580.  0*560.  0.540.  0.520.  O.SOO.a  0.480.  . 

50.460.  0*440.  0.420.  0.400.  0.380.  0.360.  0.340.  0.320.  0.300. 
t 0.2BC.  0.260.  0.240.  0 . 220  . 0.200  • U .1AD»  0.140 » 0..-12Q . 

7 0.100.  0.080.  0.060.  0.040.  0.030.  0.020.  0.015.  0.010.  0*008. 

8 0.006.  0.004.  0.002.  0.001/ 

DATA  F«/ 


* — 2.3468. - 2.0362 . - 1 . 6990 .—  1 . 461 5.—  I .3279.-1 #2007 . —0 .7825 .—0 .5229. 
V — 0 • 3468. — 0 • 1 938* -O . 0655 « 0.0414.  0.1553.  0.2430.  0.3324.  0.4342* 


* 

0.6 128. 

0.7243, 

0.6261  . 

0.  91  91  , 

1 .0000. 

1 .0792. 

1.1461, 

1 .2  1 22. 

* 

1.2672. 

1 .3264. 

1 .3692, 

1.4409. 

1.4955. 

1.3441. 

1 .5966  , 

1 .6435. 

* 

1.6667. 

1.7340. 

1 . 7 762. 

1.326  1 . 

1.6692 . 

1.9191. 

1 .9636. 

2.0066. 

* 

2. 0607. 

2.1 036, 

2.1401  , 

2. 1875. 

2.2304  . 

2.2766, 

2.5  26  3 « 

2.3717. 

* 

2.  A 183, 

2.4696, 

2.6159. 

2. 6740  • 

2.6264 . 

2 .6902, 

2.7559. 

2.6261  . 

• 

2.90  31 . 

3.0000, 

3.0607, 

3.1461. 

3.2041  . 

3 ,2716. 

3.3054. 

3.3444. 

9 

3. 397V, 

3.4914. 

3.5662/ 

DATA  FU/ 

* 

-1.6776,- 

1 . 1 396. 

-1.1192,- 

0. 9508.-0.6239. 

-0.7256. 

-C.4316. 

-0.2366. 

* 

-0. 1074.- 

0.0  . 

C. 0969, 

C. 176  1 , 

0.2304  . 

0.3010, 

0.3522. 

0 .4624, 

♦ 

0.6663. 

0 *6  436. 

0 . 7243, 

C.  7924  , 

3.6573 . 

0.9191. 

0.9731  . 

1 .0253. 

♦ 

1.0719. 

1.11 73. 

1.1614, 

1 . 2 C 9*3  , 

1 .2460. 

1 .290 0 . 

1.3263, 

1.3617, 

* 

1. 3979, 

1«>  93. 

1 .4696, 

1.4963 , 

1 . 3314  • 

1 .5662 . 

1.6021 . 

1 .6335. 

* 

1.6721. 

1 . 7076. 

1 .7482. 

1 . 7924  , 

1.8325. 

1 .6865 . 

1 .9395, 

2.0000. 

* 

2.0607, 

2. 1 20o , 

2 . 1 903. 

2.2552 . 

2..  3365. 

2.4  313. 

2.5185. 

2 • 6435 • 

* 

2.7063, 

2.97/7. 

3. 1072. 

3. 2553  . 

3.3617. 

3.4771 . 

3.5563, 

3.6233, 

9 

3.7076, 

3 ,0326, 

3.9345/ 

DATA  VAOfcNS/ 


1 

< 496 

B 

.54  2 

9 

. 592 

9 

. o4b 

9 

.70s 

9 

.768 

b 

.836 

2 

. 909 

• 

. 966 

9 

1.074 

« 

1.165 

9 

1 . 2 o 4 

9 

1 .369 

B 

1.483 

3 

1.60  5 

• 

1 . 736 

9 

1.876 

9 

2.026 

9 

2.186 

9 

2.358 

• 

2.541 

4 

2.737 

• 

2 . 946 

9 

3.  169 

9 

3.407 

9 

3.66 

« 

3.930 

B 

4.217 

5 

4 > 52  3 

• 

4. 04  7 

9 

5.  192 

9 

5.559 

9 

5. 94  7 

9 

6.360 

9 

6.797 

6 

7.  260 

9 

7. 75  0 

9 

6.270 

9 

8.819 

9 

9.399 

9 

10.0  1 

9 

1 0 .06 

7 

1 ’ . 35 

• 

12.07 

• 

12*83 

9 

13.o3 

9 

14.84 

» 

15.37 

B 

16.21 

8 

17.30 

9 

16.34 

9 

19.43 

9 

20.  38 

9 

21.78 

B 

23.05 

9 

24.36 

9 

S 5. 76 

9 

27.24 

• 

28.  78 

9 

30.  38 

• 

32.07 

9 

33.83 

9 

35.08 

» 

u 

• 

o 

• 

39 . 63 

» 

41.75 

B 

43.96 

9 

46.2b 

B 

48.67 

✓ 

DATA  VX/ 


1 2.0 

* 

2.5 

, 2 

.7  , 

3.0  . 

3.2 

, 3.3923. 

2 3.5 

B 

3.  75 

, 4 

.0  . 

4.5  , 

5.5 

t 6.0  , 

3 6.5 

B 

7.2 

, 7 

.9  • 

8.2  , 

8.5 

* 6.7  j 

4 9.0 

B 

9.2 

. 9.5  , 

l 0.  0 . 

10.591 

. 11.0  , 

5 1 3 .0 

B 

14.8 

. 15 

.0  , 

17.2  / 

DA  T A Cl/ 

l 0.97.- 

0.  43, 

-0.14.- 

1 .35, 

0.59, 

2.24,  4.38, 

4.10. 

3.69.  2.51.  2.17, 

2 2.24. 

2.02. 

i • 9 r» 

1.28, 

0.62, 

C.56.  0.33, 

0.08. 

-C . 75,-2.52,-2.51 , 

3- l .43.- 

0.08, 

0.'  «. 

C , 3 8 , 

0.  56 , 

1,01,  l .22  , 

1.72, 

2.15,  2.37,  2.75, 

4 2.78. 

3.21, 

3.31, 

3.83, 

4,  04, 

4.  /7»  4.44  , 

4.20  , 

4.23,  3.60*  3,35, 

5 4.26. 

4.56. 

4.62, 

4.22, 

4.  02, 

3c  80  * 3.69, 

3.57. 

3,57,  3,23.  2,91, 

6 2.73, 

2.41. 

1.91, 

2.00, 

1.99, 

1.41,  1.02, 

1.16, 

0,66,  0,71,  0,75, 

7 0.54, 

C . 2 2 , 

0.02, 

0.00, 

0,26, 

0.  1 1 ,-0.27  . 

-0.13. 

-0,05,-0.22.-0.33, 

8-0 .19.- 

0.18, 

-0.21  ,- 

0.40. 

-0.  82, 

-0. 51 ,-0.37. 

J0 .39  , 

— C ,50,— 0 «6C  * — 0.80, 

9-0.77,- 

0.39. 

-0.4  0,- 

C.48, 

-0.42, 

-0.31 ,-0.35, 

-0.37, 

— C ,03,  0.09,  0.06, 

. -0.01.- 

0.21, 

-0.21  .- 

0.06, 

C.  32, 

0.63,  0,60, 

0.83, 

0.73,  0*67,  0*52, 

1 0.51. 

0.43, 

0,53, 

0.86, 

0.99, 

0.79.  0.71  , 

0.60  . 

0,49,  0,69,  0.69, 

2 1.12. 

l . 36, 

1,54, 

1 .53, 

1,4  7, 

1.33,  1,21. 

1.18, 

1.19,  1.18,  1.25, 

3 1.25, 

1.30, 

1 . 39, 

1.51, 

1.71, 

1.60,  1 .60  , 

1.63, 

1 .84/ 

DATA  C2/ 

1 0 . o5.  - 

1 .76, 

—5.00,— 

5.00, 

-5.00. 

-3.45 ,-3.04  , 

3.15, 

2.31,-2.51 .-2.20, 

2—  5,00,- 

0.90, 

0.32, 

0.23, 

— 1 , 63  t 

-l ,88,-2.67. 

-2.51, 

— 0. 40, —2, 16,— 1 ,20, 

3 2.10, 

4 . O l ♦ 

2.96, 

1 .91  , 

0.62. 

-0,61  » — 0 » C 8 , 

— 0 ,63, 

— 3,0  9,  — 1 ,91,-0.63, 

4-2.0  1 . - 

2 • 6 3 v 

-5.00.- 

5.00, 

-5, CO. 

-5. 00  .-5.00  , 

-5.00, 

-2.03,-1.71,-2.27, 

5-2.64,- 

1.38, 

-2.99,- 

2.48, 

-1.94, 

- 1 . 69,-2.00  . 

-5.0C  , 

-1.89.-0.12,  0.02. 

6 0 ,76, 

0.69, 

1.44. 

1,08, 

1.07, 

0.57,-0.0  1 , 

-0 .68, 

-1 . 1 7,-1 . 15,-1 .21. 

7-  l .20.- 

1.13, 

- 1 . 89.- 

2.58* 

-3.  09, 

-2.11 .-1,07. 

-0.79. 

— v"  *67,  —0  ,91  , — 1 ,18, 

6— 1 , 59. — 

2.09. 

-2. 71.- 

2.31  , 

“1,66, 

- 1 . 1 1,-1 .01  . 

-1 . 10, 

-1,09,-1.13.-1.32, 

9-1.71,- 

2,19, 

-2.47,- 

5. CO  , 

-5. CO. 

—5. 00 ,-5.00 , 

—6 ,00, 

-5. 00. -5. 00. -2. 91, 

.-2.72.- 

2.51  , 

-2.10.- 

1.86, 

-1.61. 

- 1 . 18,-1,00 , 

-0.88, 

-0.51 .-0.74,-0.53. 

1-0 .17. 

0.23. 

0.6  7. 

1.06, 

1 . > 7 , 

1.53,  1.79, 

1.89, 

2.01.  2.17,  2.31, 

2 2*52, 

2.73. 

2 , 86, 

3.  1 7, 

3.  38, 

3.56,  3*73, 

3 , 66  * 

3.66,  3,66,  3*79, 

3 3.79. 

3.69, 

3,56. 

3,37, 

3.12, 

2.90,  2.9C. 

2,72. 

2,31/ 

105 


DATA  C3/ 

1-2. 13.-0. 76.  0.49. -1.09. -5.00. -0.19.-0. 98, -5. 00. -5. GO. --.00. -5 .00, 
2 - Sj  Q.Q*  - S • 0 Q » - 3 • 0 7 • - 1 .26.-0.40,  1.23.  1.20.-0.10,-0.od.-l.b9.-1.98. 

3-  1.77. -0.90. -0.6*. -0.84, -0.80. -0.18. -0.35, -1.26 ,-l.8t.  t-J.05.-5.00, 

4- 8. 00. -5. 00. -5. 00. -b. 00.  -5. 00. -5. 00. -5. 00. -5. 00. -5. 00. -6. 0 0. -5. 00. 

5-  5.00,  — 5.00,  — 5.00,  — 4.16»  — 3.00,  — 2.46.  — 1.90  *— 1 .33,— 0.89,— 0.4  1,— 0.02, 

6 0.19.  0.48.  0.58,  0.53.  0.36.  0.30.  0.43.  1.01.  2.07.  2.82.  2.59, 

7 2.70.  2.80.  2.58,  2.23,  1.90.  1.30,  0.54,-0.08,-0.63.-1.20.-1.78. 

- 3.3  4»-3«  50,-4 .40.-5.  CO  .-5. 00  , -5. 00.  -5. 00. -5.  C 0.-5. 00. -5.  OC, 
9 — 3. 44»  — 3*S9«  — 2.83.  — 2,47,— 2.  1 1 , — 1.40,  — 1 »i  7 , —0 .88,-0.51  ,— 0.35,— 0. 14, 
, 0.02,  0.14.  0.26,  0.42.  0.49.  0,56*  0.63,  0.78,  C.8C,  0.83.  0.83. 

1 0.79,  0.68,  0. 64 « 0 . 08 • C • 72 , 0.76,  0,?9,  0.72.  0.5  5,  0.58,  0.52, 

2 0.52.  0.43.  0.32.  6.24,  0.12.  0.02.  0.02,-0.10.-0.29/ 

DATA  C 4/ 

1 3.362-  04,  1 , 70fc-  03*  7. 00b- 0.3 .3*  1 0E-02  ,8i65t-02  *1.11  t-J  l , 1 .oOt-f  1 . 

2 7. 84E- 02. 4.602—02.2 . 1 6E- 0 2 , 3 . 3 66- 0 3 .3.860-04/ 

DATA  C 5/ 

126.7  ,20.7  .14.0  .10.7  • 9.02.  7.0  8 . o.68«  5.68.  5.34.  5.34.  5.34, 


2 

• J 4 « 3 • 90i 

1 . 73. 

0.  00/ 

DATA  C 7 / 

1 

.0351  , 

.0266 

. .0267 

.0224  . 

.0215  . 

.0209 

* 

2 

.021  , 

.0195 

. .0182 

.0167  . 

.01 36  . 

.0119 

• 

3 

,0121  . 

.01  33 

• .00784 

.00809 • 

.0153  • 

0 219 

• 

4 

.0238  . 

.0235 

. .0185 

.0187  . 

.0135  . 

.0  1 22 

• 

5 

. 00938, 

.00827 

, .oici 

.011  / 

IMA* IF I XI ( WAVE I 4.001  1*10. 1 
IM0*lFlXl(*»Avfe24.C01  >410.  » 

1F1 SPCTKNl  1 ) .ECU  Tt S T 1 .OR. SPC TRN1 1 ) . fcQ. TE5T2 ) GO  TO  130 

3 IF! IGU.EQ.2)  GO  TO  7 

IF<  (STATE. GE . I .AND. I STATE. LE. 4 1 Vi S= ALPHA!  1ST  ATE  1 

KfcLMUM=MDMIOr 

XTEMsTEMP 

IF ( X TE.M  14.5,  5 

4 X EP*  30— I F I Xl AS  SI XTEM) 1 

P It=V ADENSi KtP 1 ♦ 1 XffeM-IF 1 X( X TEM ) ) *<  VADENS ( Kt  P ) -V AOE NS ( KEP- I > ) 
GO  TO  6 

3 KEP=00*IF1X1  XTEMI 

P IE*  VAOcNSl  KtP  » ♦ ( X T tM—  I r 1 X<  .TEA)  I VAOENSI  KEP4  I.  > -V  AOENS(KEP)  ) 
6 IFlVlS.Lt.l.O,  RfcLH UM  = 1 . 0 
• H*A  ELHUM4P1  E 
XTEM*XTEM427J. 16 
PPXa 4. 56E-06*»H*  XTEM 
MAZE  - ’0023. 4 A/V« 5-214.443 
*0*0  . f 40  00E- 06 
TS=273.U»/XTEM 
0*0. l*WM 
Ml  1 ) =*0  4TS440.45 
Ml  2 I * T S*  *1.3  75 
Ml 31*46.6667*»04TS**0. 2 
Ml 4)*,0.8*TS**1.5 
Ml5»»lPP« *0. 006*1  1 . -PP  4 1 1 *0 
Ml 6>*TS 

Ml  7)*3.533  6E-04*rtAZL 
IF  1 tPH 1WT.EQ.0)  GO  TO  13 
XTEM=X  TEM- 27  3.16 
IF  11AFLG  .EG.  I » «R  1 Tt  1 6 . 70  0 0 i 
7000  FORMAT! J*t/>  |5H  * 1 • • , 1 OX , 1 8H ATMCRL  OUTPUT  UA1  A , // 1 
WHITE! 6,200) 

MR ITEl 6.2011 

MRITEl 6.202)  M A VE I , mA  VE  2 
WRITE! 6. 2031 VI S 
J 3s  241  STATE- 1 
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IF  ( STATE. GT  . O.ANO  . I STA  IE  .LT.SO  i GO  TO  ,2 
WHITE! 6,21 2) 

GO  TO  1 

2 IFI  ISTAIE.LT. JO)  WHI  Tb ( 6,21  i ) XNAME(  JJ>  .XNAML C J JF I ) 

IFI  lSTATt.dG.31  ) WH  I TE  ( 6,213) 

1 *HI rL<6,204)HANGE 
wH I Ttl b, 205 ) XTEM 

• RIHI  b,  20b)NELHUM 
WR  n E<  6.  207) 

• KlTE(bi20yH«(K).K:l.n 

Il*<  I ST  A TE.GT  . 3.  AFJD  . I STA  TE .LT .50 ) WRI  TE(b  .2  1 7) 

1J  CONTINUE 
(COUNT =0 
7 CONTINUE 
DO  9 t - l - 7 
9 tU(I  )=«{  1 >*R  ANGfc 
DO  10  1=1. lol 

10  AFCPLl 1 >=0.0 
ICuJNT=0 

CJ  T L 11 

C ROUTINE  FOR  USING  CUNSTANT  SCATTEHING  OR  ATTENUATION 

. ls>0  IF  ( 1 GO  *E  J • 2 ) GU  TO  1 5J 
OU  151  1=1.7 
(•LAV  !<  I ) = SPCL  AM  ( 1*2) 

151  PLAV21  I ) = SPCTRN(  I F2) 

OL)  152  J = I MA  . I MO 

XL AM  DA= . 1* J 

CALL  ALINtVlAA, XLAMOA .PLAV2 .PLAV 1 .7) 

IF ( AA.GT. 1 .0)  AA=l,C 
1F( A A .LE  .0 .0  ) GO  TO  155 
STJRt(  J ) = — ALUGi  A A ) 

GO  TO  152 
155  STORE! J)=999. 

152  CONTINUE 

153  IF(SPCTRN( 1) .LO.TEST2)  GU  TO  3 
IF!  IPRtNT.EU.O)  GO  TO  « 5b 

IF  < IAFLG  .EG.  1)  T.R1  TC16.7000) 

WRITE! 6,21 6) 

IF( IPH1NT.EG.2)  WR  1 TE  < b . 2 1 4 > 
loo  Oil  1 5 A 1=  IMA.  I MO 
,\LAMOA=  .1*1 

AFCRL1  l-  IMA*  1 )=£  XP  ( - STORE  1 I ) *R  ANGE  ) 

IF  I IPR 1NT.CU .2)  WRI  TL  t o,  2 I K> XLAMDA . AFCRL1 I — I MA* 1 ) 

154  CONTINUE 
GO  TO  96 

C BEGINNING  OF  TRANSMISSION  CALCULATIONS 

11  OU  9C  1= IMA, I MU 
XL AMOA= .1*1 

WL  = 1 . OE  4 / XLAMO A 
L = *L 
L 1 =L  / 5 
; V=  5*L  1 
XL=  I V 

IF<  1 WL-XL ) .GT.2.S)  1V  = 1V*5 
IF  1 I COUNT . E G . 0 ) GO  TO  15 
IF ( ICOUNT.EG .50 ) GO  TO  15 
GO  TO  lb 
15  ICJ'JNT  = 0 

IF  (IAFLG  .EG.  1 .ANU.  IPRINT  .EG.  2 > WRI TE (b . 7C0C  ) 

IFI IPR INT.EG.2)  WRlTE(b.209> 
lb  SOM=  0.0 

00  1 7 K- 1 , 8 
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TX( K 1*0 . 0 

imk.lt. ♦)  txcki*i.o 

17  .coNUttue  - — - 

I C(J  UN  T * 1 COUN  T 4 l 
IFCML.LT .1400.)  GO  TO  2D 
IF(  ML. LT. 27401  GO  TO  JO 
C MOLECULAR  SCATTERING 

C6= 9.807E- 20*C  ML**4,01 1 71 

r«4»*c6tta«i . 

SUM=SUM*TX< 61  , 

GO  TO  40 

C MATcR  VAPOR  CONTINUUM 

20  IF!  ML.LT. 670.1  GO  TO  40 
IFCmL.LT. 700.1  GO  TO  25 

Xl  = C ML- 700.1 /SO. - 

00  22  NH=1 .15 
XH=  XI— FLOATC  NMl 
IFC  XH124. 23, 22 

22  CUNT  1HUE 

23  TXC5i*CSCNHl 

GO  TO  26  ..  . . . 

24  TXC  51*C5CNH)  +XH4CC5CNH  1-C5CNH-1  1 1 
GO  TO  25 

25  TXC 51 = C ML-670. 1*0. C9 

26  TXC  5)*EQC  51*  TXC  5) 

SUW=SUM+TXC 51 

GO.  TO  40  

C NITKUGEN  CONTINUUM 

JO  IF ( ML.LT .208C . 1 GU  TO  40 
MY= 1-36 

TXC  4l*C4CMY;*E0C4) 
sum*sum-ftm4  1 

C MAT£R  vapor  - ... 

40  Kl=l 

IFCeQC  l l.LT. 1 .0U-201  GO  TO  44 
MV* 1-19 

MS  **ALOG IOC  EQC  I 1 ItC 1CMV1 
IFC MSI .LT.-2. 234631  GO  TO  44 

IFC  tfSl.Cil. 3.5682) ..SO.  TO.  43.  _ ...  

IF C M 51 .GT.2. 01  K 1*40 
00  41  K=K  1.67 
IFC  MSl.LL.F.'CKll  GO  TO  42 
4|  CONTINUE 

42  VXC  l 1 = TR  CK.lFC  TRCK-i  1-TRCK1  1 4<FMIKt-MSl  1 / CF  MC  K I -FM  C K- 1 1 1 

GO  TU  44  . . — 

43  TXC  1 1*0.0 

44  CONTINUE 

C UNIFORMLY  MIXED  G A SE SC C 02 1 

Kl«l 

MS2*AI.0G  IOC  EQC  21  14C2CM  Y) 

IFC  MS2.LT. -2.3469)  50.  TO  54. 

IFC MS2.GT.3. 56821  GU  TO  53 
IF C M 52 *GT *2,0)  K 1*4Q 
00  31  K*K 1,67 
IFC  MS2.LE.FMCK1 1 GO  TO  52 

51  CONTINUE 

52  TXC  2)*TH  CKlt  C TRJ  K-l  )-.TRC  *1 1*1  FJg l S 1 - ■ 52 -IV  I F ULl_ 
GO  TO  54 

53  TXC  21*0.0 

54  CONTINUE 

C OZONE 

IFC ML. GT. 3270. 1 GO  TO  63 
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•35 
6 I 

62 

63 


71 

72 


160 


100 


} 07 


85 


1 10 


120 

1.50 

1*0 

66 


MY  = 1-30 

IFlEUl  3)  .LT.  1 .Oc-201  OU  TO  133 
«S3  = At.dulO(c'-l  31  1FC31MY1 
in  *S3  .LI  .-1 .67701  00  TO  63 

1FMSJ.GT. 3.73*31  GO  TO  02 
IF(  * S5.GT  . 1 . 51  iU-Jd 
OO  65  lUKl  .67 
1F( WS3.L6.FU1 K) 1 GO  TO  61 
CONT INUE 

T*(  31  = TR<M-(  TrtlKl-TRlK-  1 1 1 *(fU(  Kl-«5JI/(f  Ol  K 1 -F  0<6-l  1 1 
GO  TO  63 
T *1 31  = 0.0 
CONT INUE 

AtrtOSOL  EXTlNCrin.'1 

x»=0  .0 

IF l 5PCTRN1  1 I .EO . Th ST2)  GO  TO  l;iO 

OU  71  N=l.26 

XD=XLAMUA-VX(Nl 

I F ( X0172, 71. 71 

CONT INUE 

XX  = C 71NJ ♦<  C7( N 1-t  71 N- 1 1 1 *XU/<  VX( N>-VX( N- 1 1 1 

TX(  7 > = XX*EG(  71 

1F(  V15..LE.  1.01  GO  TO  100 

SOM=SUMf. X( 71 

GO  TO  05 

SUM=SUM-  TXl  6) 

TX(  6 1 = 0.0 

TXl  71  = ST0«6(  I 1 ANGfc 
SUM  = SUM  F T X I 7 1 
GO  TO  06 


FOG  MUOEL 

i%A^=  . 0 2* XL AMO A F. 052 

IF!  XLAMOA.Cl  .2.01  RAP=0.C 

TZ  = 3 .712/V  IS*E  XP<-.  1 Co*  VI  5*  *.dl  0*1  1 XL  AMO  4-.S6  ) / . j-J  ) ) -<V  AP 
TZ=tZ*htANGb 

IF(  T2.LT.TX1  71  1 GU  TO  IC7 

1F< TZ  .L T .0.0 1 TZ=0.C 

T X(  7 1 = TZ 

SUM  = SUM  FT  X( 7 1 

GU  TO  36 

IF  < l STATE. Gt  . 1 .AND.  1 STA  Tt.  .Lb  .4  1 GO  TO  lli 
IF(  15TATfc.Lt.  .dl  GO  TO  120 
IF!  1ST  A it .Lfc . 12 1 GO  Tu  130 
GO  TO  36 

•IAIN  MCL'wL 


TV  = 0 .0 

1F(  t 5TATC.fcO.il  TY=.  326  * RANGE  F T X 1 7 1 /V  J(  7 I *P  A NGu  « 1 3 n 

IF!  lSTATb.kG.21  T Y=  . 652*»  ANGfcF  TX  ( 7 1 /fc  G 1 7>*RANv>EO4.C40 

IF ( 1ST ATE. EG. 31  TY=l. <J5  6*KAN6fcF  T X<  71 /fcUl  7 1 *R A Not  * 1 2 . u 

IF  1 (STATE.  bG  . A I TY=  7. 8 2**PANGFF  T X(  7)7tU(  7 1 *H ANGEF4V  .411 

SUM=SUM- T X<  71 

TAl 7)=TY 

SUM*  SUM  FT  XI  71 

GO  TO  66 

CONT INUE 

CONTINUE 

CONT INUE 

TOTAL  t>- ansmi  ssi  on 


TXl 3 1 = SUM 

00  00  K=*.6 

1F(  T X( K l.LE .0.0)  GO  TO  01 
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IF!  TX(K).LE.O.  1 > GO  TU  82 
IF(TMKI.GT.,:0.)  GU  TU  83 
TX1K )=fcXP! -T Xl  K)  ) 

GO  TO  80 
? X! * ) = 1 .c 
GO  TO  80 

82  T«<  < 1 .0-TXl  K»*0.  54TX!  8.)  *TXlK) 

GO  TO  80 

83  TX!K>=0. 

80  CONTINUE 

AFC.RH  I )=T  X!  l)*T'{2)*TXI3)*TX!8> 

IF  ( I PM  I NT  .EG  . 2 ) *R  1 TE  ( 6. 2 1 0)  i V,  XL  AMO  A . AF  CR  L I l > . I T X ( K ) . K = l . 7 ) 

00  CONTINOt 

5LT  = IMO- IM AF  1 
DO  05  I — 1 • 1 L T 

90  AFC-tl  ! I ) = AFCHL!  IMA- IF  I ) 

98  continue 

200  FORM  AT ( 70H  FAST  GROUND  LEVEL  VERSION  OF  AIR  FORCE  ATMOSPHERIC  PROG 
AnAM.LOMTkAN  It.//) 

201  FORMAT < 10X ,27H1 962  US  STANDARD  ATMOSPHERE) 

202  FORMAT! lOX.l4HdANO*lOTH  .F4.1.3H  - .F4.1.32H  MICRONS  IN  .1  MIC 

ARON  INCREMENTS) 

203  FORMAT! 10X.19HV! SI01LITV  RANGE  » .FS.2.AH  KM.) 

204  FORMAT! 10X.13HPATHCENGTH  * .Fa.l.llH  KILOMETERS) 

205  FORMAT  1 10  <.  I AHTtMPER-A  TORE  * .F5.1.10H  DEGREES  C) 

20  o FORM  AT ( 10X .20HRELA TI VE  HUMlOlTV  * ,F4.2////> 

20/  FORMAT < 1 IX .42HEOUI VALENT  SEA  LEVEL  AUSORHER  AMUUN1 S PER  • 

1 9HKIL0METER. /.2X.9HH2U  VAPOR .2 X .0HCO2  E TC . . A X . bH 02 ONE . 

2sX . 8HN2  XC JNT  < . 2 X . 9MH 2 OxC UNT < . 1 X.SHMGL. SCAT ,3X . 

37HAEK0SJL./. JX.7HGM  C M- 2 t bX , 2HK M *oX . 6H AT M CM, 

AbX,  2HK  M . 7HGM  CM-2 • S X . 2HKM ,8 X .2HKM ,/ ) 

208  FORM AT( IX, 712X.L8.J)) 

209  FORMAT! 1 HI  ,5H  FRE0,2X. oHL  AMH  J A , 2 X , 5H  TOTAL. 3X , 

1 3HH20. 3X, 4HC02G. 3X, 5H020NE • 1 X ,6HN2*CNT .1 X . 

2 7HH2U-CNT , ) X . 8HMCL  SC A T. IX, 7H AERO SOL • / »2X  » 

34HCM- I , 4X. 2HUM, 4X, 5HTR4MS.5!  2 X »5H  TRANS ) ,4X , 

4 5HTR  ANS,  3 X,  5H  TRAN  S I 

210  rORMAT!  lX.I6,6II\.Fto.4),2!2X.F6,4>,iX.F6.4) 

211  FORMAT!  1 OX . 2 1 MNE AT HER  CONDITION  IS  , 2 A4 > 

212  FORMAT!  I 0 X . 2 OHWt  A THE  R CONOITION  IS  CLEAR) 

213  FORM  AT! 1 OX, 2 8H8EER S LA*  SCATTERING  ASSUMED) 

214  FORMAT ! 10X.21H  *AVELENGTH  TOTAL  , / 1 4 X , 7HM I C RONS , 3 X , 5HTR ANS/ ) 

21b  FORMAT! 11X.2F9. 4) 

216  F ORM  AT  < 1 0X.29F.8EER  S LA*  ATTENUATION  ASSUMED,///) 

217  FORMAT! 1 19H0  THF  SCATTERING  EQUIVALENT  SEA  LEVEL  A8S0R3ER  AMOUNT 
AS  ARE  NOT  APPL1CA8LF.  TO  THE  FOLLOWING  TRANSMISSION  CALCULATIONS.) 

RETURN 

END 
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SUBROUTINE  MDTSNRl XMXM.VMVM.FFFF ,XC TFF *H .OELT AF • WANGL. T R ANS . SPROB. 
1SNET.O) 

p »MC  >JQ  I rim  MUmn  . VMVMI  I I .FFFFI  n^m 

DIMENSION  OUTPUT!  101  .XlNPUTltO) 

OlMENStON  ROSSNR! II ) .PR0BD1 111 
COMMON  /SNRMOT/0 XMTF ( 20  ) •OVMTF (201 

COMMON/ NAM E3/JFL  AS « JPR INT.DOTT . OE  TE MP  .OPE AK. F ACT . IDELTP. ! OELX  « 

I IRDAX.  IRQ  IN.  IRMAX.  I RMI  N.  LUPO  • OU  TPU  T . XHT  AN  . XINPUT.XL  T AR.  I AFLG 

CQKMO'l/N.UtEA/  JUU LM.FLIQ1  .SLLQ1 .XNtt  U3ELI  AX  . OEL1AY  . ETt-TM. FR.  HFQV  . 

1 VFOV  . XM AG. XN . XNSC • OVER SC . BR I TE • SR T AO .01  SC . T A . TO r ANCLE .MOM. FS T AR • 
2XLAMB.FNUMB.FQC.  XK.FMAXF  . XT  . XVL  .F  MAX  • XSI  GLS.  VS  IGI.S  ,X  A.Y  A.KKK  • 

3 IOT  AU.VEL.FELECT 

DATA  ROSSNR/ 5. S. A.l .3* 7.3. 3.3*1 .2.B.2.5.2.3.2.0.1.S.0.0/ 

OAT  A PRQBO/l  .0. 0.9. 0.  3. 0.7 .0.6 .0.5  .0  .4  ,0 .3  .0 .2  .0  ..  1 .0 . 0/ 

£ IF  1 1AFLG  *£0.  i 1*RI  IE16. /QOUU  _ 

7000  FORM  AT  1 3 A( / 1 • 5H  • | • * . 10X. 1BHMO TSNR  OUTPUT  DATA.//! 

C IF  1 IAFLG  .NEt  I ) tR I TE! 6 • 31  I 

XSIQE*XLT  ar/range 
VSI OE*XHT  AR/R ANGE 
TAMRO*XS!OE*YSIOE 

fD«QETEMP» TRANS  _ . - 

C IF  I IAFk.G  >EQ.  1 )«R1  TEI6.7000) 

CAlL  XRINGIXCTFF.OXMTF.FFFF.  20  .H.d.  XS10E.  1 . ANS. 2.  I .0  ) 

CALL  XRINGIO. 0. OVMTF .FFFF . 20 .H . 8 • VS I OE • 2 . ANT . 2 . I . 0 ) 

C IF  ! IAFLG  .LG,  I ) MR l TE 1 b . 7000 ) 

00* A NS/ 2.0* ANT 

CALL  XRINUt  Q.O.XMXM.tFFF  . 20.H  .iL.  XSI  QJL.2  .ANS  »-2.».A-»I!-i_ 

CALL  XRING10.0. VMVM.FFFF . 20.HiB.YSI 06 .2. A NT. 2. 1.0) 

QQQ* ANS  * AN  T 

O-TOFT AMRO *OGO/SNE  T*  1.0/1  OELTAYFVtL  AQD/OELTAF/FR/L  YET M/OVtRSC>**  .S> 
CALL  ALINEYI SPROB , 0 ,PH OBD , ROSSNR . 1 I ) 

IFCSPHOB.LT. 0.0)  SPROB=C.O 

IETJSPROB*&I^U-OXaeRQB=a.O  

RETURM 

END 
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SUuKOUTINE  UFAULT  (FRtQ-*M  ff  .II.KAI 

0  I Mb  NS  luN  XOW<  50  .DDK  30)  ♦ T Sf;  ( 5 0 > . SSEI50)  .SOME  (50)  • XFR A ( t>0  » • O^TX 

It  oO  ) .FF  T(  2 01  . XXXRTC  201  ,FRfcQ(20>  .XMTF ( 20)  >XUM1F  Lid i^JLGUMMl2llX» 

2X,  >M  TF  ' ‘ ) « XUPMTF  ( 2C  ) .ELM  TF  ( 20  » ,HMTF  ( 20  ) .XT  VMTF  t 20 ) . XEMTF  t 20  » . 

4XD3M  TF  \ 2.0  ) . AM  TFL  S(  20)  • X£  YMTF  ( 20)  .XXMKTIcO  ) 

DIMENSION  XINPUM  1 0)  . OUTPUT)  1 0 ) 

CUM  MOW /NAME  1 /XDR  .our.  TSfc.  SSC  .SUMb  t XFRA.ORTX  , lit)  EM  .FFT.XXXFT 
Cl'MMON/NAME2/XOK IF  . XGHMTF . XOMTF .XDPMTF itLMTF ■ BMT  F.XTVMTF.XEMTF. 

I XJSM TF, XM TFL 6. XEYMTF  ..  _ ...  _ 

CUM MUN/ NAME J/JFL AG. JPRI NT. 00  TT.OE TEMP .OPEAK.F ACT , I CELT R,  IDtLX. 

1  titOAK,  I R D I N » IN  MAX,  1RM1N.LUPU, OUTPUT, XFITAK.Xt  NPUT  . XLT  AK.  I AFLG 
C OM MON/ NAMES/ I KIJUN  T 

C JMMON/NAMFfa/DXDR (501.0001(50) , DDRTX( 50) 
t F (2 J. EG . t .0.AN0.24.E0. I .0 )GO  TU  dOOB 

IF<  IAFUG  ,Nh  . 1 l*R  I TU  ( 6,  UO  I 0 ) 
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Introduction 


The  NVL  Static  performance  Model  for  Thermal  Viewing  Systems  has  been  con- 
structed so  that  it  is  now  possible  for  a person  who  has  some  familiarity  with  thermal 
imaging  systems  to  perform  sophisticated  analyses  of  complete  sensors  in  a relatively 
simple  fashion.  Furthermore,  the  capabilities  of  this  model  allow  the  user  to  easily  per 
form  parametric  sensitivity  studies.  The  user  has  at  his  disposal  the  ability  to  put  to- 
gether systems  component  by  component,  and  to  see  what  effects  different  subsystem 
characteristics  have  on  device  performance.  He  can  also  test  his  system  agninst  a wide 
variety  of  environmental  conditions  that  will  be  of  interest. 


Essentially,  the  model  generates  a target  representation  and  modifies  it  first  by  ac- 
counting for  any  atmospheric  effects.  Then,  the  attenuated  scene  representation  is 
taken  through  each  of  tin  major  system  components  successively.  The  result  is  further 
modified  by  the  observer’s  response  using  standard  information  theory  techniques, 
TTiere  are  basically  six  performance  measures  that  are  calculated: 

1.  System  Modulation  Transfer  Function  (MTF) 

2.  Minimum  Resolvable  Temperature  (MRT) 

3.  Minimum  Detectable  Temperature  (MDT) 

4.  System  NEAT 

5.  Static  Recognition  Probability  vs  Range 

6.  Static  Detection  Probability  vs  Range 

Probability  predictions  can  be,  specified  as  either  power  based  or  temperature  based, 
and  they  are  performed  for  both  the  x and  y dimensions. 

This  program  has  been  specifically  designed  for  ease  of  use  and,  while  it  may  at 
first  look  foreboding,  a little  time  spent  with  it  will  show  that  it  is  not  difficult  to  use. 
Data  can  be  entered  into  the  program  in  either  of  two  wa,\e.  All  input  data  is  printed 
out  clearly  so  that  the  user  can  easily  check  to  see  if  he  is  modelling  the  system  he  really 
wants.  Various  error  checks  arc  made  on  the  input  data,  and  many  of  the  obvious  er- 
rors that  we  anticipate  will  be  made  are  flagged.  Certain  limited  default  features  exist 
in  this  version.  Also,  the  program  has  the  ability  to  do  several  performance  calculations 
using  one  input  deck. 


In  the  following  pages,  we  will  go  through  in  detail  the  procedure  io  be  used  when 
predictions  are  required  from  the  NVL  Static  Performance  Model  for  Thermal  Viewing 
Systems.  We  will  discuss  how  you  should  look  at  your  system  in  a way  that  will  aid  you 
in  understanding  the  computer  program  requirements.  We  will  efully  go  through 
wlvai  parameters  you  must  specify  and  how  you  must  specify 
aspects  of  physically  setting  up  the  required  data  deck.  W**  v 


i.  Wc  will  cover  all 
{plain  what  procedures 
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are  necessary  in  order  to  run  multiple-performance  calculations  with  the  same  deck. 

An  example  will  be  completely  worked  out  including  a copy  of  the  program  printout. 

II.  Systems  Analysis 

In  general,  a certain  amount  of  preliminary  analysis  is  needed  before  a data  deck 
can  be  set  up  for  the  systems  performance  model.  This  point  cannot  be  overemphasized 
because  it  is  likely  that  most  errors  will  arise  because  of  invalid  inputs.  Many  problems 
will  be  avoided  if  the  user  takes  a few  minutes  to  check  his  input  parameters  in  a logical 
way  each  time  he  attempts  to  run  the  model. 

Table  D1  provides  the  starting  point.  For  conceptual  purposes,  the  systems  per- 
formance model  can  be  thought  of  as  a collection  of  modules  which  correspond  to  the 
different  processing  steps  experienced  by  an  image  as  it  moves  from  its  origin,  through 
the  system,  and  to  the  observer.  These  modules  are  listed  under  the  heading  of  Program 
Modules  in  the  first  column  of  Table  Dl.  It  is  obvious  that  most  of  these  modules  cor- 
respond to  major  device  subsystems.  Several  others,  such  as  TARGET,  ATMOSPHERE, 
and  EYE,  correspond  to  signal  generation,  preprocessing  of  the  signal,  and  post  process- 
ing of  the  signal. 


Table  Dl.  System  Analysis  Procedure 


Program 

Modules 

Applicable  Card  identifiers 

User  Aid 
Supplement 

TARGET 

TARG,  RANG 

1 

ATMOSPHERE 

ENVI,  TOTL,  ATEW 

2 

OPTICS 

OPTI,  MTOX,  MTOY 

3 

SCANNER 

SCAN 

4 

DETECTOR 

DETR,  DET2,  DROX,  DROY, 
NPSP,  NPSF,  DSTL,  DSTD 

5 

ELECTRONICS 

ELEC,  EMTF,  BMTF,  VMTX,  VMTY 

6 

DISPLAY 

DISP 

7 

SYSTEM* 

SYST,  BAND 

8 

STABILIZATION 

STAB,  LSSX,  LSSY 

9 

EYE 

EYEB 

10 

PROGRAM  CARDS** 

SN4B,  FLHZ,  FCMR,  FDRP, 
FDC1,  FRC3,  FRC4 

11 

*The  variables  on  this  card  pertain  to  the  system  as  a whole  and  not  to  any  particular  component  of 
the  system. 

**Certain  cards  are  required  by  the  program  to  set  up  initial  conditions,  etc. 
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In  order  to  use  the  systems  performance  model,  it  is  necessary  to  assign  values  to 
all  variables  in  each  of  the  modules.  In  some  cases,  if  the  variables  are  not  defined,  de- 
vault options  are  assumed.  In  other  cases,  the  program  simply  will  not  run.  Pay  care- 
ful attention  to  the  assignment  of  values  to  variables. 

All  input  cards  have  a four-letter  identifier  in  the  first  four  columns  of  a card. 

These  identifiers  tell  the  program  what  data  is  on  the  card.  They  also  identify  the  card 
for  the  user.  Look  at  column  2 in  Table  D1 . This  column  shows  what  cards  pertain  to 
each  program  module.  It  is  not  always  necessary  to  have  every  one  ol  these  cards  each 
time  the  program  is  used.  It  is  necessary,  however,  to  always  make  sure  that  all  of  the 
proper  cards  are  being  used  ,.nd  that  none  of  them  ar>;  being  left  out. 

Data  following  the  identifier  is  positioned  on  a card  according  to  one  of  two  for- 
mats. In  general,  the  first  format,  FORI,  is  used  for  cards  defining  several  different 
single-valued  variables.  l'’OR2  is  used  to  read  in  arrays  of  multivalued  variables. 

Every  card  identifier  listed  in  column  2 of  Table  D1  can  be  found  in  the  first 
column  of  Table  D2.  Here,  the  identifiers  are  classified  according  to  the  format  that 
must  be  followed  when  data  is  entered  upon  the  card.  While  it  may  be  a little  confus- 
ing at  first  to  locate  card  identifiers  from  Table  1)  1 in  Table  D2,  you  will  shortly  see  that 
Table  1)2  is  a great  aid  in  physically  setting  up  a data  deck. 

Table  1)2  summarizes  the  input  variables  that  need  to  be  defined  for  the  systems 
performance  model.  Each  card  inputs  to  the  program  one  or  more  variables.  The  varia- 
ble names  on  each  card  are  listed  in  column  2.  Column  5 briefly  lefincs  these  variables 
and  column  6 'efines  the  units  that  the  data  must  be  in.  For  example,  let  us  look  at  the 
first  entry  i.-  t able  1)2.  The  card  identified  is  BAND,  and  these  four  letters  will  appear 
in  the  first  four  columns  of  a data  card.  There  are  two  variables  on  this  card  — WAVE) 
and  WAVE2.  Columns  5 and  6 indicate  that  these  variables  define  the  spectral  band- 
w:dth  of  the  system  in  microns.  The  data  is  entered  on  the  card  under  the  format  FORI. 

Up  to  seven  pieces  of  data  can  bo  ent  red  on  a FORI  card.  The  corresponding 
value  of  a variable  must  be  located  at  a specific  designated  position  on  a card.  These 
positions,  called  fields,  arc  associated  with  each  input  variable  and  can  be  found  in 
column  3 of  Table  1)2.  The  size  of  these  fields  will  be  discussed  later.  Note  that  for 
FOR2  cards,  ten  pieces  of  data  may  be  entered  and  hence  there  are  ten  data  fields  on 
these  cards. 

The  gathering  of  data  inputs  for  the  program  perhaps  causes  the  greatest  difficulty 
when  a user  attempts  Jo  run  this  model.  It  is  helpful  to  continually  remember  that  all 
input  data  falls  in  one  of  the  program  modules  listed  in  Table,  1)1.  There  are  certain 
general  considerations  that  should  bo  kept  in  mind  when  data  is  gathered  for  the  variable** 
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Table  D2.  Data  Cards  for  the  NVL  Thermal  Performance  Model 
I.  Format  FORI  {A4,  6X,  7F10.3) 


Table  D2  (continued) 

. Format  F0RUA4, 6X,  7F10.3) 
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Table  D2  (continued) 


Table  D2  (continu  1) 


Table  D2  (continued 


in  eii'jh  modulo.  These  {general  considerations  are  contained  in  a set  of  supplements, 
1-12,  which  has  several  functions.  The  supplements  discuss  in  some  detail  the  opera- 
tion of  each  module  in  the  program.  Many  times,  changing  the  value  of  one  variable 
may  require  something  to  be  done  with  some  of  the  other  variables.  This  is  explained 
in  the  supplements  along  with  certain  options  and  shortcuts  that  can  be  used  and  also 
warnings  on  things  not  to  do.  After  a general  discussion  of  these  points,  there  are  notes 
on  many  of  the  specific  variables  used  in  the  program.  Column  4 of  Table  D2  references 
the  supplements.  The  user  will  find  under  the  appropriate  supplement  a more  complete 
description,  a definition  of  limits  (it  any),  the  defaults  and  options  (if  any),  any  recom- 
mended values,  and  any  peculiarities  that  might  exist.  Column  7 of  Table  D2  lists  cer- 
tain defaults  that  are  available  to  the  user.  These  defaults  are  the  values  that  the  pro- 
gram automatically  assigns  to  the  appropriate  input  variables  when  the  input  card  is  left 
out  of  the  data  deck.  However,  certain  variables  on  a card  may  also  be  left  blank  (or 
zero),  and  reasonable  values  for  these  are  automatically  assigned.  It  is  always  wise  to 
cheek  the  supplements  when  any  defaults  and  options  are  used.  The  solution  to  many 
of  the.  problems  that  the  user  will  have  can  be  found  in  the  supplements.  They  contain 
the  accumulated  experience  of  many  runs  with  this  mode'.  Use  them. 

Also  incorporated  into  this  model  are  some  liighly  specialized  options  and  diag- 
nostics which  generally  will  not  be  of  interest  to  the  average  user.  However,  for  com- 
pleteness, the  documentation  associated  with  these  additional  features  can  be  found  in 
Supplement  12. 


III.  A Simple  Data  Deck 

Assuming  that  the  data  for  a particular  system  of  interest  has  been  gathered,  the 
next  order  of  business  is  to  put  together  a card  deck.  F >r  terminal  users  utilizing  key- 
board input,  the  data  must  nevertheless  be  organized  according  to  the  following  form. 
Figure  D1  shows  the  basic  structure  of  a simple  input  deck. 

The  first  and  Iasi  cards  of  this  deck  are  control  cards.  They  are  really  net  data  in- 
put to  the  program  but  are  there  to  satisfy  the  requirements  of  the  computer  system. 
Always  make  sure  that  one  of  the  control  cards  at  the  beginning  of  the  deck  calls  the 
program  up  from  storage.  The  specific  format  for  these  cards  will  vary  from  machine 
to  machine. 

Table  D3  lists  four  special  cards  that  must  appear  in  every  input  deck.  A card 
containing  the  four  letters  FORI  on  the  first  four  columns  must  appear  directly  after 
the  last  control  card  at  the  beginning  of  the  deck.  This  card  merely  tells  the  program 
that  all  cards  following  it  are  to  be  read  according  to  the  format  that  reads  up  to  seven 
variables  from  a card.  All  of  the  data  cards  that  have  this  format  are  placed  behind  the 
FORI  card.  An  ENDS  card  is  now  entered  behind  the  last  card  with  a FORI  format. 
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CONTROL 


BAND 


CONTROL 


FORI 

FOR2 

ENDS* 

DONE* 


Figure  Dl.  A simple  data  deck. 


Table  D3.  Special  Input  Cards 


Description 


Designates  cards  with  up  to  7 data  elements  per  card 
Designates  cards  with  up  to  10  data  elements  per  card 
Defines  the  end  of  a set  of  FORI  or  FOR2  cards 
Defines  the  end  of  a data  deck 


*For  additional  functions,  se-  section  on  multiple  runs.  Also,  see  example  for  output  print  options 
contained  on  these  cards. 


— T.~' 


The  ENDS  card  tells  the  program  that  all  data  in  a particular  format  has  been  read. 

The  card  itself  simply  contains  the  four  letters  ENDS  in  the  first  four  columns. 

In  a like  mariner  the  card  FOR2  appears  next.  It  identifies  all  of  the  input  cards 
that  have  up  to  ten  elements  of  data  per  card.  After  these  cards  are  placed  in  the  input 
deck,  another  ENDS  card  must  appear.  Finally,  after  all  data  have  been  read  into  the 
program,  the  DONE  card  is  used.  It  defines  the  end  of  the  data  deck  for  the  program. 

There  is  only  one  simple  rule  that  must  be  followed  concerning  the  order  of  cards 
after  the  FORI  card  or  the  FOR2  card.  This  rule  states  that  the  card  HAND  must  ap- 
pear immediately  after  the  FORI  card.  This  applies  to  any  execution  of  the  program 
which  defines  the  spectral  bandwidth  of  the  system.  Otherwise,  data  cards  grouped  by 
identical  format  can  appear  in  any  order. 

Information  is  entered  on  a card  using  a FORI  format  in  the  following  way.  As 
was  stated  earlier,  the  first  four  columns  always  contain  one  of  the  identifiers  listed  in 
Tables  D1  and  D2.  The  next  six  columns  are  always  blank.  Starting  with  column  11, 
there  are  seven  ten-column  fields  into  which  data  can  be  entered.  Field  1 consists  of 
columns  11  to  20,  field  2 consists  of  columns  21  to  30,  etc.  The  fields  on  each  data 
card  are  allocated  to  particular  variables  so  care  must  be  taken  to  enter  data  entirely  in 
the  proper  field.  A decimal  point  must  always  be  included  with  data.  This  rule  even 
applies  to  variables  which  are  not  normally  considered  to  have  fractional  values  such  as 
DISC— the  number  o?  detectors  in  series.  Note  this  point  well  because  the  program  will 
very  likely  read  your  data  incorrectly  if  you  violate  this  rule.  In  checking  to  see  that 
data  appears  in  the  appropriate  field,  it  is  useful  to  always  enter  data  in  the  same  column 
of  a field.  In  other  words,  regardless  of  the  FORI  format  identifier,  always  start  putting 
data  for  field  1 in  column  1 1 , for  field  2 in  column  21 , etc.  In  this  way,  it  is  easy  to 
check  among  cards  to  see  if  any  data  is  out  of  its  field. 

In  a similar  manner,  data  is  entered  on  cards  that  use  a FOR2  format.  Again,  the 
first  four  columns  contain  the  curd  identifier  and  the  next  six  columns  are  blank.  Start- 
ing in  column  11,  ten  fields  of  five  columns  each  are  allocated  to  ten  values  of  one  par 

ticular  variable  Thus,  data  will  be  contained  in  columns  1 1 to  15,  16  to  20, 

56  to  60.  As  before,  decimal  points  must,  be  included  with  each  entry. 

Many  times,  two  sets  of  identifiers  are  related.  For  example,  consider  the  detector 
response  card  DROX.  This  card  contains  the  detector  MTF  as  a function  of  frequency. 
The  corresponding  frequencies  are  found  on  the  ca-d  FLH7  or  are  default  values  as 
listed  in  column  7 of  Table  D2.  In  either  case,  care  should  be  taken  to  make  sure  that 
the  data  in  field  1 of  one  card  corresponds  to  the  data  in  the  first  field  of  the  other 
card  or  the  first  default  value.  Make  sure  that  the  other  fields  similarly  correspond. 
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Table  P2  will  aid  you  in  setting  up  the  desired  data  cards.  All  FORI  formatted 
cards  arc  listed  first  in  this  table.  In  addition,  BAND  is  the  first  identifier  in  this  table 
because  it  is  the  first  card  appearing  after  the  FORI  card  in  the  data  deck.  Afte~  all  of 
the  FORI  identifiers,  you  will  find  identifier  for  the  FOR2  formatted  cr.ds.  If  you 
s*,t  up  your  data  deck  in  the  same  order  as  this  table,  it  will  automatically  be  correct  in 
form;  and  all  that  is  required  is  the  insertion  of  the  FORI,  FOR2,  ENDS,  and  DONE 
cards  at  the  appropriate  places. 

IV.  Multiple-Run  Data  Decks 

As  you  become  more  familiar  with  the  Systems  Performance  Model,  you  will  often 
wish  to  run  the  model  several  times.  This  can  easily  be  accomplished  by  using  only  one 
execution  deck.  This  expanded  deck  may  be  set  up  in  either  one  of  two  ways.  If  you 
want  to  change  the  target  or  the  atmosphere  between  runs,  Figure  D2  illustrates  the  ar- 
rangement of  such  a deck.  When  the  system  paiameters  are  to  be  varied,  Figure  D3 
shows  how  this  is  done.  The  way  in  which  those  two  decks  differ  is  described  in  para- 
graphs A and  B. 

A.  Changing  the  Target  or  the  Atmosphere. 

Let  us  first  go  through  the  basic  structure  of  the  deck  in  Figure  D2.  It  should  be 
immediately  apparent  that  this  deck  is  identical  to  the  deck  in  Figure  D1  up  to  the 
first  ENDS  card  after  the  FOR2  card.  Instead  of  a DONE  card  following,  however,  we 
see  a second  ENDS  card.  This  second  ENDS  card  always  tells  the  program  to  get  ready 
to  do  another  calculation.  Now,  since  all  of  the  target  and  atmosphere  cards  (is  shown 
in  Tables  D1  and  D2)  are  of  the  FORI  format,  we  require  a FORI  card  after  this  se- 
cond ENDS  card.  We  can  now  place  any  target  and  atmosphere  card  it:  the  deck.  Both 
target  and  atmosphere  may  be  changed  at  the  same  time  although  in  Figure  D2  we  have 
oidy  changed  the  atmosphere  by  using  the  EN  VI  card.  Following  this  card,  we  use  one 
ENDS  card  to  tell  the  computer  that  the  new  FORI  data  has  been  completely  read  and 
another  ENDS  card  to  indicate  that  we  wish  to  perform  a third  calculation.  At  this 
point,  the  model  is  executed  a second  time.  It  uses  all  of  the  input  parameters  previous- 
ly read  in  except  for  the  new  parameters  read  from  the  ENVI  card. 

After  the  second  calculation  finishes,  another  FORI  card  is  processed.  On  this 
third  run  we  will  change  the  target  with  the  e.^d  TARG.  Since  this  is  all  we  will  change, 
we  follow  with  the  usual  ENDS  card;  and  since  this  will  be  the  last  ran,  we  now  use  a 
DONE  card  to  indicate  tne  end  of  the  entire  data  deck.  Even  though  we  have  ended 
with  thru:  runs,  there  is  no  limit  to  the  number  of  runs  wr  can  make  with  one  deck. 

It  is  important  to  realize  that  the  third  calculation  will  use.  the  atmosphere  defined 
for  the  second  run.  The  atmosphere  initially  read  in  will  not  be  used.  In  general,  once 
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a target  or  an  atmosphere  is  changed,  it  carries  through  to  any  subsequent  calculation 
that  may  be  performed. 

Whenever  predictions  are  required  for  different  targets  or  different  atmospheres, 
the  type  of  deck  described  here  should  be  used.  It  is  quite  acceptable  to  use  the  deck 
structure  of  Figure  D1  (run  several  times)  to  do  this  same  task,  but  many  unnecessary 
calculations  will  be  performed  in  the  process.  This  can  be  seen  rather  easily.  The  sys- 
tems performance  model  in  one  sense  is  composed  of  two  parts.  The  more  involved 
part  performs  systems  calculations.  The  remainder  deals  with  the  effects  external  to 
the  system  itself.  After  the  complicated  systems  calculations  are  performed  once,  it  is 
not  necessary  to  do  them  again  if  only  targets  and  atmospheres  are  changed.  The  opti- 
mized deck  structure  described  here  allows  the  program  to  b)pass  systems  calculations 
after  they  have  been  executed  once.  The  advantages  are  twofold.  The  program  runs 
much  more  efficiently,  saving  considerable  computer  time.  Additionally,  the  user  only 
has  to  check  one  set  of  cards  that  define  his  system  parameters.  This  latter  point  can 
be  very  helpful  at  times  when  unexpected  results  appear. 

B.  Changing  System  Parameters. 

All  multiple-run  decks  conform  to  the  underlying  principle  tha?  you  only  have  to 
consider  the  cards  that  change  from  one  run  to  the  next.  The  program  retains  all  other 
defined  quantities.  Figure  D3  shows  how  you  would  go  about  applying  this  principle 
when  you  wish  to  change  system  parameters.  Two  runs  can  be  made  with  this  deck, 
bui  in  practice  there  is  no  limit  to  the  number  that  can  be  made  with  a deck  of  this  type. 

The  deck  shown  in  Figure  D3  can  be  viewed  as  divided  into  two  sections.  Both 
have  the  structure  of  a simple  deck.  Each  section  may  have  a set  of  FORI  formatted 
cards  and  a set  of  FOR2  formatted  cards.  Every  set  of  FORI  formatted  cards  is  pre- 
ceded by  a FORI  card  and  followed  by  an  ENDS  card.  Likewise,  every  set  of  F0R2 
formatted  cards  is  prefaced  by  a F0R2  card  and  terminated  with  an  ENDS  ca»-d.  All 
sections  are  separated  by  an  additional  ENDS  card.  The  DONE  card  appears  after  the 
last  ENDS  card. 

Figure  D3  shows  the  number  1 appearing  in  column  11  of  the  DONE  card.  This 
number  1 signals  the  program  to  do  the  second  systems  calculation.  To  explain  when 
the  number  1 is  used,  we  are  required  to  look  at  the  deck  structure  again.  In  any  deck, 
a second  ENDS  card  or  a DONE  card  tells  the  program  that  all  of  the  data  for  a particu- 
lar run  has  been  read  and  that  the  program  should  begin  executing  the  computations. 

In  other  words,  the  second  ENDS  card  or  the  DONE  card  must  be  seen  as  the  Iasi  card 
read  for  a particular  run.  We  must  associate  the  second  ENDS  card  in  Figure  D3  with 
the  first  execution  of  the  program  and  the  DONE  card  with  the  second  execution  of 
the  program.  The  number  1 in  column  11  tells  the  program  that  system  calculations 
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need  to  be  performed  on  the  second  run. 


The  implications  of  this  arc  clear.  A second  ENDS  card  must  be  viewed  as  doing 
more  than  just  telling  the  program  that  there  will  be  more  data  for  another  run  coming. 
In  a similar  manner,  the  DONE  card  does  more  than  tell  the  program  that  there  will  be 
no  more  inputs.  It  is  thus  natural  to  find  options  on  the  DONE  card  that  pertain  to  the 
data  just  read.  The  same  options  apply  to  the  second  ENDS  card.  Let  us  imagine  that 
we  are  putting  together  a deck  to  do  three  sets  of  systems  calculations.  There  would  be 
three  sections  to  this  deck.  Each  section  would  be  separated  by  an  additional  ENDS 
card.  Now,  since  we  wish  to  do  systems  calculations  in  each  run,  the  number  1 is  also 
required  in  column  11  of  each  second  ENDS  card  and  the  DONE  card.  The  program 
automatically  does  a systems  calculation  for  the  first  complete  data  set  in  any  deck, 
however.  Thus,  the  number  1 does  not  need  to  appear  on  the  ENDS  card  between  the 
first  and  second  sections  of  this  deck.  This  is  also  the  reason  why  a number  1 does  not 
appear  on  the  DONE  card  in  Figure  D!  and  on  the  second  ENDS  card  in  Figure  D2. 

To  summarize,  use  a number  1 ii  column  11  of  a second  ENDS  or  DONE  card 
when  multiple  systems  calculations  are  required  from  the  same  run.  Failure  to  observe 
this  rule  anywhere  except  on  the  second  ENDS  card  following  the  first  complete  set  of 
data  will  cause  incorrect  calculations  to  be  performed.  Do  not  worry  about  this  feature 
if  you  are  only  changing  targets  or  atmospheres. 

Returning  to  Figure  D3,  we  note  that  the  second  set  of  FORI  and  F0R2  format- 
ted cards  are  only  those  cards  which  have  been  changed  from  the  first  run.  All  other 
necessary  information  is  just  carried  over  from  the  first  run  to  the  second.  Remember 
that  if  you  change  the  card  BAND  it  must  come  right  alter  the  FORI  card.  Target  and 
atmosphere  cards  can  be  changed  just  like  any  of  the  others. 


It  is  quite  possible  that  ail  of  the  system  changes  that  you  wish  to  make  are  of  the 
FORI  format,  in  this  case,  just  leave  out  the  set  of  F0R2  cards.  If  there  are  no  cards 
with  a FORI  format,  do  not  include  a set  of  FORI  cards. 


Decks  can  be  set  up  to  efficiently  do  calculations  when  the  user  desires  to  vary 
both  system  parameters  and  targets  o.  atmospheres.  An  example  will  help  to  illustrate. 
Let  us  assume  that  we  wish  to  analyze  two  systems  against  three  targets.  We  could  set 
up  six  decks  tike  in  Figure  Dl.  We  could  also  set  up  two  decks  according  to  Figure  D2 
and  run  multiple  targets  on  each.  But  ’.ve  can  set  up  one  deck  by  using  Figure  D3.  We 
do  this  very  efficiently  by  working  with  two  decks  formed  according  to  Figure  D2. 

First,  we  rernoye  all  the  control  cards.  We  replace  one  of  the  DONE  cards  with  an 
ENDS  card.  In  the  other  deck,  we  place  a number  1 in  column  11  of  the  second  ENDS 
card  following  that  part  of  the  deck  which  redefines  the  system  parameters.  We  nui:  this 
deck  behind  the  other  and  put  control  cards  back  at  the  beginning  and  at  the  end  of  the 


deck.  This  is  a mixed,  multiple-run  deck  that  combines  the  best  features  illustrated  in 
Figures  D2  and  D3.  There  is  only  one  special  F.NDS  card  because  there  is  really  only 
one  change  in  system  parameters.  The  versatility  of  the  multiple-run  option  contained 
within  this  program  should  now  he  apparent. 

One  final  note  should  be  made  with  regard  to  changing  system  parameters.  With 
a bit  of  experience,  the  user  will  find  it  relatively  easy  to  manipulate  the  input  variables 
of  this  pro-am.  It  is  easy  to  change  a system  variable  using  the  multiple-run  feature. 

But  the  variation  of  system  parameters  cannot  be  made  without  continually  keeping  in 
mind  the  realizable  values  of  these  variables  and  the  impact  that  variations  have  on  other 
system  inputs.  So  use  this  option  carefully  in  conjunction  with  the  information  con- 
tained in  the  supplements. 


V.  An  Example 

In  this  section,  we  will  apply  the  methods  and  formalism  thus  far  dei  eloped  to  a 
practical  problem.  Let  us  assume  that  we  wish  to  predict  the  performance  of  a certain 
prototype  system.  Our  system  will  operate  in  the  8-14  micrometer  region  and  have  a 
CRT  display.  Specifications  that  might  be  commonly  available  are  shown  in  Table  D4. 
With  this  information,  we  wish  to  use  the  NVL  Static  Performance  Model  for  Thermal 
Viewing  System?  to  predict  the  svslem  MTF,  the  NEAT,  the  MRT,  the  MDT.  and  the 
probabilities  of  detection  and  recognition.  How  this  ' - done  follows. 

A.  The  Simple  Input  Deck. 

Figure  D1  shows  the  basic  form  of  the  deck  that  we  wili  be  setting  up.  In  this  ex- 
ample, we  will  include  for  completeness  all  of  the  cards  listed  in  Table  D2,  even  though 
a careful  reading  of  this  documentation  will  reveal  that  some  of  these  cards  can  be  left 
out.  The  cards  that  can  be  left  out  are  those  whose  inputs  are  identical  to  the  default 
values  listed  in  column  7 of  Table  D2,  Figures  D4  ar|d  D5  show  a chart  of  all  the  cards 
that  a simple  deck  can  contain.  The  appropriate  input  cards  can  be  directly  keypunched 
from  this  chart  when  ;t  is  filled  out.  We  shall  now  systematically  go  through  Table  D2, 
card  by  card,  in  order  to  demonstrate  how  we  have  used  the  data  in  Table  D4  to  obtain 
the  entries  for  Figures  D4  and  D5.  Consult  the  supp*ements  when  any  of  the  following 
explanations  appear  incomplete. 

BAND 

The  operating  bandwidth  of  the  system  is  8-14  micrometers,  and  it  is  these  num- 
bers that  appear  for  WAVE1  and  WAVE2. 
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Table  D4.  System  Specifications 


Parameter 


System  Type 
Diameter  of  Optics 
F-number  of  Objective  Lens 
Optical  Transmission 
Instantaneous  Field  of  View 
Detector  Type 
Detectors  in  Parallel 
Detector  Size 
Peak  D* 

Frame  Rate 
Scan  Efficiency 
Horizontal  Field  of  View 
Vertical  Field  of  View 
System  Magnification 
Display  Type 
Spot  Size  on  CRT 
Average  Brightness  of  Display 
Ac  tive  IR  Lines  on  Display* 


Specification 


8-14  pm 
4 in. 

2.0 

60% 

.25  mr 
HgCdTe 
60 

.002  in.  x .002  in. 

2 OxlO10  cm(Hz)‘/2  w'1 

30  frames/s 

75% 

2.7° 

2.0° 

12X 
CRT 
.044  mr 
50  fL 

140  active  raster  lines/frame 


*The  interlace  in  this  example  is  not  the  usual  integer  value. 


The  F-number  of  the  objective  lens  (FNUMB)  and  the  optical  transmission  (TO) 
are  given  in  Table  D4.  The  focal  length  (FOC)  is  easily  derived  from  the  F-number  and 
the  diameter  of  the  objective  lens.  The  applicable  equation  can  be  found  in  Supplement 
3.  We  have  no  information  on  geometric  blur  so  we  assume  there  is  none  and  set 
ABI.UR  = 0.0.  This  leads  to  the  assumption  that  we  have  diffraction-limited  optics. 

We  pick  a diffraction  wavelength  (XLAMB)  of  10  micrc meters  since  we  are  usually  com- 
paring different  systems;  in  doing  ♦his,  we  like  to  keep  the  diffraction  wavelength  the 
same  for  systems  of  approximately  the  same  operating  bandwidth. 

PETR 

Based  on  the  detector  size  from  Table  D4,  the  instantaneous  field  of  view  is  the 
same  in  the  x-direction  (DELTAX)  as  in  the  y-direction  (DELTAY).  The  effective  de- 
lector size  (SRTAD)  is  given  along  with  the  number  of  deteeiors  (XN)  and  the  peak  D* 
value  (DPEAK).  A parallel-scan  system  implies  that  the  number  of  detectors  in  series 
(DISC)  is  equal  to  1.0.  Finally,  we  input  the  measuring  frequency  (F0)  of  D*  as  10.0  K 
hertz.  This  number  has  been  historically  valid  for  most  detectors  (except  principally  for 
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the  low-performance  detectors  such  as  PbS),  and  lacking  other  information  we  chose  it. 
DET2 


We  will  assume  that  our  system  is  tletcctor-noise-iimited  and  thus  MOM  - 0.0. 
Under  a detector-noise-limited  condition,  the  cold  shield  angle  (ANGLE)  is  not  used, 
and  we  have  arbitrarily  assigned  it  the  value  of  60.0  degrees. 

The  HgCdTc  detector  is  generally  considered  of  high  performance.  In  addition,  a 
parallel  array  of  these  detectors  indicates  that  the  dwell  time  on  each  detector  is  rela- 
tively long.  Therefore,  in  this  example,  we  do  not  worry  about  the  detector  'esponse 
rolling  off  before  we  have  transferred  a maximum  amount  of  information.  The  band- 
width of  this  system  is  determined  by  the  electronics  and  is  approximated  by  using 
equations  (22)  and  (23)  in  the  main  body  of  the  report.  For  our  prototype  system,  the 
minimum  required  electronic  bandwidth  is  computed  to  be  8,770  hertz.  Since  the  roll- 
off of  the  detector  response  is  negligible  compared  to  the  information  rate  bandwidth 
from  the  detector,  an  arbitrarily  large  number  is  used  for  FSTAR  (a  megahertz). 

SCAN 

The  frame  rate  (FR)  arid  the  overall  scan  efficiency  (XNSC)  are  given  in  Table  D4. 
The  overscan  ratio  is  computed  from  the  equation  noted  in  Supplement  4 and  comes 
out  to  1.0. 


ELEC 

The  low-frequency  3-dB  point  (CUTOFF)  associated  with  the  electronics  is  not 
given.  It  frequently  is  found  to  range  between  2 and  7 hertz.  We  will  choose  3 hertz. 
We  are  also  not  given  any  information  on  the  high  frequency  amplifier  3-dB  poin*.  We 
will  assn  tn  that  our  electronics  are  of  sufficient  bandwidth  such  that  they  do  not  de- 
grade. Therefore,  we  set  FELECT  equal  to  0.0  so  we  can  read  in  an  electronics  MTF 
whi  it  «'■  vt'ui  set  e > to  1.0.  There  are  no  LED’s  in  the  system  so  their  widths  (XY) 
an«  jglhs  (XY  L)  are  all  0.0.  Since  there  is  no  electronic  boost  in  the  system,  the 
electronic  aperture  correction  amplitude  (XK)  and  the  electronic  aperture  correction 
frequency  (FMAXF)  are  set  to  values  of  0.0. 


DISP 

The  system  has  a CRT  display  so  that  KKK  = 0.0.  The  average  brightness  (BRITE) 
on  the  display  is  given  as  50.0  fL.  In  order  to  assign  values  to  XA  and  Y A,  the  two  vari- 
ables associated  with  the  spo*  - :ze,  several  assumptions  must  be  made.  We  will  assume 
that  the  spot  1;  ..-.usv-an  in  rh ,that  it  is  symmetrical  about  the  >.  and  y axes,  that  it 
has  been  measured  by  the  shrinking  raster  method,  and  that  the  spot  size  quoted  in 
Table  D4  is  the  length  w in  Supplement  3 under  3.3,  ABLUR,  (4)  (a).  (See  Supplement 
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7 for  further  explanation.)  The  values  for  XA  and  YA  can  now  be  computed  directly: 
(XA  - YA  = 0.019  mrad2 ). 

SYST 

The  horizontal  field  of  view  (HFOV),  the  vertical  field  of  view  (VFOV),  and  the 
system  magnification  (XMAG)  are  taken  directly  from  Table  D4.  Our  system  only  has 
one  field  of  view;  so  FACT  - 1.0.  We  wish  to  predict  the  NEAT ; so  XNET  = 0.0. 

STAB 

There  is  no  indicated  degradation  due  to  vibration;  so  XSIGLS  ~ YSIGLS  = 0.0. 
ENVI 

We  will  predict  performance  through  an  atmosphere  with  an  air  temperature 
(AIRTMP)  of  15°  C,  a relative  humidity  (RH)  of  50%,  and  a visibility  range  (RVIS)  of 
23.0  kilometers.  This  clear  atmosphere  requires  the  special  atmospheric  condition  des- 
ignator (1ST ATE)  to  be  equal  to  0.0. 

TARG 

We  will  choose  a hot  tank  target  whose  length  (XLTAR)  is  5.25  meters,  whose 
width  (XHTAR)  is  2.7  meters,  and  whose  temperature  (DETEMP)  is  11.1°  C above 
the  background  temperature  (TBAC)  of  12.0°  C.  The  tank  dimensions  are  discussed 
in  Supplement  1.  The  target  and  the  background  parameters  are  the  default,  values. 

RANG 

Supplement  1.3  indicates  that  if  we  have  a detector-limited  system,  the  50%  prob- 
ability of  detection  will  occur  at  a maximum  of  10,800  meters  and  the  50%  proability 
of  recognition  will  be  at  a maximum  of  2,700  meters.  In  an  attempt  to  calculate  most 
of  the  detection  and  recognition  probability  distributions,  we  chose  the  detection  cal- 
culations to  be  performed  between  2,000  meters  (IRDIN)  and  20,000  meters  (IRDAX). 
The  recognition  calculations  will  be  done  between  1,000  meters  (IRMIN)  and  10,000 
meters  (IRMAX). 

SN4B 

For  the  threshold  signal-to-noise  ratio  (SNR),  we  use  the  default  value  of  2.25. 
EYEB 

For  the  integration  time  of  the  eye  (EYETM),  we  use  the  default  value  of  0.2. 
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FLHZ 


Wc  use  the  default  values  for  frequencies  in  log  hert?  corresponding  to  the  MTF's 
of  the  electronics,  the  boost,  and  the  detector  temporal  response. 

DROX 

Since  we  have  already  determined  that  the  detector  will  have  sufficient  time  to 
respond  to  an  incident  signal,  we  do  not  expect  any  associated  detector  MTF  degrada- 
tion. Consequently,  we  set  this  MTF  in  the  x direction  equal  to  1.0. 

DROY 

The  MTF  in  the  y direction  due  to  detector  temporal  response  is  1.0  for  the  same 
reason  as  it  is  in  the  x direction. 

EMTF 

We  have  already  decided  that  the  MTF  due  to  the  electronics  wiil  be  considered  as 
1.0.  Wc  enter  this  on  the  card  at  all  frequencies. 

BMTF 

We  have  no  electronic  boost  in  this  system  so  the  MTF  on  this  card  is  unity. 

FCMR 

We  use  the  default  values  for  frequencies  in  cycles/mrad  corresponding  to  the 
MTF’s  of  the  optics,  the  vidicon,  and  any  unstabilizing  factors. 

MTOX 

Our  system  is  diffraction  limited,  so  we  must  set  all  MTF  values  for  the  x direction 
equal  to  0.0. 

MTOY 

Ail  MTF  values  in  the  y direction  are  set  equal  to  0.0  for  the  same  reason  as  those 
in  the  x direction. 

YMTX 

There  is  no  vidicon  in  the  system  so  the  MTF  at  all  frequencies  is  equal  to  1.0  in 
the  x direction. 
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VMTY 


Similarly,  the  MTF  at  all  frequencies  for  the  vidicon  in  the  y direction  is  equal  to 

1.0. 

LSSX 

We  input  the  default  values  of  1.0  for  the  stabilization  MTF  in  the  x direction 
since  we  have  assumed  no  vibration. 

LSSY 

As  on  LSSX,  the  MTF  for  stabilization  in  the  y direction  is  1.0. 

NPSF 

These  are  the  frequencies  in  log  hertz  that  correspond  to  the  noise  power  spectrum 
on  NPSP. 

NPSP 

No  noise  power  spectrum  is  given  for  the  detector.  It  must  be  obtained  from  pub- 
lished material  on  detectors  or  from  direct  measurement.  We  have  chosen  a representa- 
tive noise  power  spectrum  of  HgCdTe  and  normalized  it  to  1.0  at  frequency  FOfor  this 
example. 

DSTL 

These  are  the  wavelengths  in  micrometers  that  correspond  to  the  D*  values  on 
DSTD. 

LtSTD 

No  detector  performance  curve  is  given  in  Tabic  D4.  This  also  must  be  determined 
from  published  material  or  from  direct  mcisurement.  Note  that  in  using  any  of  the 
standard  curves,  they  must  bo  normalized  to  a maximum  of  1.0.  We  use  here  a typical 
D*  curve  for  HgCdTe. 

FDRP 

We  will  predict  the  probability  of  dete<  iion  and  recognition  using  the  validation 
upon  which  this  program  is  based.  Consequ  mtly,  this  card,  as  well  as  the  next  three, 
wilt  contain  the  default  values  found  in  Table  D2.  This  card  shows  a set  of  probabilities. 


FDC1 


The  number  of  cycles  needed  for  detection  at  various  probabilities  of  detection 
can  be  found  on  this  card.  The  probabilities  are  those  on  FDRP. 

FRC3 

The  number  of  cycles  needed  for  optimistic  recognition  at  various  probabilities  of 
recognition  can  be  found  on  this  card.  The  probabilities  are  those  on  FDRP. 

FRC4 

The  number  of  cycles  needed  for  conservative  recognition  at  various  probabilities 
of  recognition  can  be  found  on  this  card.  The  probabilities  are  those  on  FDRP. 

The  FRC4  card  is  the  last  input  data  card.  We  have  now  assigned  values  to  all  of 
the  input  variables.  The  simple  deck  we  have  just  generated  is  illustrated  in  Figures  D6 
and  D7.  It  is  complete  with  the  addition  of  a DONE  card  after  the  last  card  in  Figure 
D7.  This  input  deck  quantifies  the  system  described  in  Table  D4.  In  general,  errors 
will  occasionally  be  made  in  the  preparation  of  a data  deck.  Many  of  these  mistakes 
can  be  caught  by  carefully  scrutinizing  the  first  five  tables  in  the  output  listing  of  any 
run.  These  tables  reproduce  an  easily  readable  listing  of  the  input  quantities.  For  our 
example,  Tables  D5(a)—  D5(e)  were  generated.  It  is  easy  and  necessary  to  always  check 
to  validate  the  accuracy  of  the  inputs. 

B.  Output  Listings. 

'I  here  are  essentially  two  types  of  output  listings  that  can  be  obtained  from  the 
model.  Tables  D6(a)—  D6(e)  show  the  program  output  for  the  simple  input  deck  that 
has  so  far  been  described.  The  individual  modulation  transfer  functions  that  must  be 
considered  in  the  x direction  can  be  found  in  Table  D6(a).  These  transfer  functions 
correspond  to  the  diffraction  limit  of  the  optics  (OPTICS),  the  geometrical  blur  of  the 
optics  (GOBLUR),  the  spatial  transfer  aspects  of  the  detector  (DETEC),  the  temporal 
aspects  of  the  detector  (RSPNS),  the  electronics  (ELECT),  the  electronic  boost  (BOOST), 
the  vidicon  (VIDCN),  any  LED  arrays  (LED),  the  display  (DSPLY),  the  degradation  due 
to  the  destabilization  (LOS),  and  the  eye  (EYE).  Table  D6(a)  is  in  spatial  frequency  and 
can  only  correspond  to  Table  D5(d)  for  the  inputs  given  in  spatial  frequency.  All  other 
MTF’s  in  Table  D6(a)  have  been  either  converted  to  spatial  frequency  space  or  calcu- 
lated. The.  overall  system  MTF  in  the  x direction  is  shown  ir  Table  D6(b).  Table  D6(c) 
displays  the  predicted  minimum  resolvable  temperature  in  the  x direction  for  our  systrm. 
Finally,  the  expected  power-based  detection  and  recognition  performance  probabilities 
in  the  x direction  appear  in  Tables  D6(d)  and  D6(e).  Since  them  is  only  one  field  of 
view  for  the  system,  the  two  performance  predictions  in  Table  D6(d)  are  identical. 
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Table  D5(a).  Input  Data 

RUN  NUMBER  1 


YOUR  SPFlTRAL  BAND 

IS  . a. 000 

TO  14.000 

MICRONS 

OPT IlS 

diameter 

4.000 

I NCHES 

F -NUMBER 

2.000 

FOCAL  LENGTH 

a.  ooo 

I NCHES 

AVG.  OPTICAL  TRANSMISSION 

0.600 

WAVELENGTH  FOR 

DIFFRACT  UN 

10.000 

MICRONS 

GEOMETRIC  BL JR 

SPOT  SI/.E 

0.  0 

MRAD. 

DETECTOR 


HORIZONTAL  l FOV 
VERTICAL  IFCV 
DETECTORS  IN  PARALLEL 
DETECTORS  U SERIES 
DETECTOR  SIZE 
PEAK  r>* 

MEASURING  FKE'JUtSCv  OF  D* 
COLO  SHIELD  ANGLE 
LIMIT InG  NJ ISC 

DETECTOR  RESPONSE. J-Ob  PUINT 


0.2  SO  MR AD. 

0. 250  MR AD . 

60. 

1 . 

0.00200  INCHES 

2.00  1 C**C 1 0>CM— »GRT (HZI/W Af T 
10000.  HERTZ 

60.000  DEGREES 

de  tec  tor 

0.10CE  07  HERTZ 


■j 

i 

■i 


SCANNER 


FRAME  RATE 
SCAN  EFFICIENCY 
OVERSCAN  RATIO 


30.000  F RAMES/SeCOND 
0.7S0 
I . 000 
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Table  D5(b).  Input  Data 


DISPLAY 
TYPE 

X SPOT  SIZE 
Y SPOT  SIZE 
AVERAGE  UK  I GHT  NESS 


SYSTEM 

HORIZONTAL  FOV 
VERTICAL  FUV 
MAGN  IF  ICAT  ION 
W FOV/NFOV 

NOISE  EOUIV.  DELTA  T 


CRT  DISPLAY 
0.019 
0.019 
SO. 0C0 


2. 7 CO 
2.  COO 
12.000 
1 .000 
0.0 


MR  AD  . 

MR  AD. 

FT.  LAMBERTS 


DEGREES 
DEGREE  S 


DEGREES  C 


ST ABIL  IZAT  IUN 

SYSTEM  STATE  STABILIZED 
X VIBRATION  CONSTANT  0.00 
Y VIBRATION  CUNST ANT  O.CO 


STANDARD  INPUTS 

EYE  INTEGRATION  TIME  0.200  SECONDS 

THRESHOLD  S^GNAL/NOISE  2*250 


1 


3 

% 


v 

1 


j 
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Table  D5(c).  Input  Data 


ATMOSPHERIC  PARAMETERS 


CUN  10  IT  ION 

CLEAR 

VISIBILITY  RAN GL 

2 J . OC  0 

<1  LOME  T r. 

PEL  AT  IVE  HUMIOITY 

bO. OCG 

PERCE  NT 

AIR  TEMPER  a T'Jke 

lb.  j 0 

oilgrc-ls 

TARGET  & rJACKCrtOUNO 

TARGET  LeNGTiI 

S • 2 jO 

Me  T C R S 

T AR  GET  WlioTM 

2 . 7 C 0 

Mf  TEKG 

TARGET  UeLTA  T 

1 1 . i CO 

ij  L G N E E S 

BACKGROUND  IcMPLRATJRL 

1 2 . c •:  c 

10 eGKEe  b 

RANGe  k L Gu I R eM RN  1 b 

a*  I N < RguUIkeO  kANGl 

E OR 

R E.  C u G v 

i ore 

ME  Tc.  H S 

MAX.  KCQJlrtL'J  RANGE 

EUR 

R e C UG  . 

1 0 C 0 0 

M r.  T e A b 

RANGE  INCREMENT;,  r tie 

H t C J G • 

1 0 0 J 

M E T E R :> 

■1  l N • itliJj  Ikc.L/  rANge 

EUR 

OUT EC . 

2 00  0 

m-  tews 

MAX.  r<  A N G l 

EUR 

J t T r.  C • 

?C  0 00 

Me.  I e ■<  G 

RANGE  r.  ' Em  1_M  cN  T b rUi< 

UE  T LC  • 

2 000 

Mi.  TER b 
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Table  D6(a).  Output  Data 

MODULATION  TRAN S^CR  FUNCTIONS 


09*C 


Table  D6(b).  Output  Data 


SYSTEM  MODULATION  TRANSFER  FUNCTION 


V 


i 

5 

I 

I 

\ 


1 

i 


FREQ 

X MTF 

0.0 

1.00 

0.20 

0.97 

0.40 

0.93 

0 .60 

0.89 

0.80 

0.  83 

1.00 

0.77 

1.20 

0.71 

1.40 

C .64 

1.60 

0.86 

1.80 

0.51 

2.00 

0.44 

2.20 

0.38 

2.40 

0.32 

2,y  60 

0.26 

2.80 

0.21 

3.00 

0.16 

3.20 

0.12 

3.40 

0.08 

3.60 

0 .05 

o 

to 

. 

fl 

0.02 
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PREDICTED  MINIMUM 
FREQ 

2«000£— 0 1 
4.000E-01 
6.000F.-0  1 
8.CCOE-0 1 
l.OCOE  00 
1.200E  00 
1.400E  00 
1.600E  00 
1.800E  CO 
2.000E  00 
2.200E  00 
2.400E  00 
2.600E  00 
2.800E  00 
3.000E  00 
3.200E  00 
3.400E  00 
3*600E  00 
3.800E  00 
4.000E  00 


TEMPERATURE 
X MR  T 

1 . 346t- 02 

Z.32CE-02 

3.2  70E-02 

4. 2‘>5E-  02 

* *<-  £>  4 b.  “ 02 

^.8  4i>£-C2 

U.52JL- 02 

1 . 0 t>JL-  0 1 

1 . J2yE-01 

1 .673E-0  1 

2.  1 28E-  0 1 

2,  74JE- 01 

3.09S#t-01 

4. 834£- 0 1 

to. 7>C££-01 

*.7 Idfc-0  l 

1 . 5 1 OE  0 C 

2.65CE  00 

to*22Ut.  00 

2.000E  07 


Table  D6(c).  Output  Data 

RESUL.V  AULt 
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Table  D6(d).  Output  Dal;; 

DELTA  T * 0.  t 1 IE  02 
DETECTION  PERFORMANCE 
NFOV  PERFORMANCE 

RANGE  TRANSMISSION  X DETECTION 

PROBABILI TV 


2.00 

0.66 

1.00 

4.00 

0 .5  1 

0.  98 

6.00 

0.40 

0.85 

8 .00 

0.32 

0.63 

10.00 

0.26 

0.46 

12.00 

0.2  1 

0.  31 

14.00 

0.  1 7 

0.2C 

O 

o 

• 

n0 

0.14 

0.  12 

18.00 

0.12 

0.08 

20.00 

WFOV 

RANGE 

0.10 

PERFORMANCE 

TRANSMISSION 

0.  06 

X DETECTION 
PR0BA8 IL I T Y 

2.00 

0.66 

1 . CO 

4.00 

0 • S 1 

0.  98 

6.  00 

0.40 

0.85 

8.00 

0.32 

0.63 

10  .00 

0.26 

0.46 

12.00 

C.  21 

0.31 

14.00 

Q.  17 

0.20 

16.00 

0.14 

0.  1 2 

18.00 

0.12 

0.06 

w 

O 

. 

o 

o 

0.10 

0.06 
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Table  D6{e).  Output  Data 


RECOGNITION  PERFORMANCE 
POWER  DEPENDANT  PERFORMANCE 
RANGE  TRANSMISSION 

X RECOGNITION 
PROflAtilUl  TY 

1 .00 

0.78 

0.98 

2.00 

0.66 

0.67 

3. 00 

0.53 

0.38 

4.00 

0.51 

0.21 

5.00 

0.45 

0.10 

6.00 

0 .40 

0.07 

7.00 

0 .36 

0.05 

8.00 

0 a .42 

0.  04 

9.00 

0.29 

0 ,03 

10.00 

0 • 26 

C • 02 

| 

J 

J 

I 

! 

1 

■j 


This  output  listing  is  inadequate  if  you  desire  any  of  the  following  optional 
outputs: 

1.  information  on  v or  diagonal  direction  signal  processing 

2.  noise-filtering  MTF 

3.  exact  or  white  noise  bandwidth 

4.  scan  velocity 

5.  NEAT 

6.  constant  length  MRT 

7.  MDT 

8.  temperature  and  MDT  based  detection  performance;  temperature  based 
recognition  performance;  optimistic  recognition  peri’ormancc 

9.  Special  expressions  used  in  hand  calculations 

In  order  to  obtain  these  quantities  from  the  program,  you  must  assign  the  number 
1 to  a special  print  variable.  This  variable  is  located  in  column  21  of  the  DONE  card 
for  the  simple  deck  that  wc  have  been  discussing.  (See  Figure  Dl.)  For  any  type  of 
multiple-run  deck,  the  variable  is  located  in  column  21  of  either  the  DONE  card  or  any 
of  the  second  ENDS  cards.  You  must  request  a supplemental  listing  for  every  run  in  a 
multiple-deck  run  where  such  a listing  i3  desired.  For  example,  Figure  D2  shows  a deck 
containing  three  runs.  Let  us  say  that  we  wish  to  have  the  supplemental  output  listing 
for  the  first  and  the  third  runs.  The  last  card  in  the  first  run  within  this  deck  is  an 
ENDS  card.  Since  we  desire  a supplemental  output  listing  here,  we  put  a number  1 in 
column  21  of  this  ENDS  card.  In  the  second  run,  we  change  only  the  atmosphere.  We 
do  not  want  the  supplemental  listing  for  this  run  so  the  second  ENDS  card  after  the 
ENVI  card  (see  Figure  D2)  remains  blank.  Finally,  since  we  again  want  the  supplement- 
al listing  in  the  third  run,  we  place  a number  1 in  column  21  of  the  DONE  card.  Rcmem 
ber,  there  are  two  optional  vuriabl  :s  on  the  DONE  card  and  all  second  ENDS  cards.  If  a 
number  1 appears  in  column  11  t Section  IV  B),  system  calculations  will  be  performed. 
When  a number  1 appeals  in  column  21,  an  extended-output  listing  is  printed. 

Tht  long  output  contains  all  the  information  printed  out  from  the  abbreviated  out- 
put plus  the  nine  optional  outputs.  Tables  D7(a)— D7(l)  show  the  form  of  this  output 
for  our  example.  Table  D7(a)  is  identical  to  Table  D6(a).  Table  D7(b)  contains  the  in- 
dividual MTF’s  that  must  be  considered  in  the  y direction.  In  Table  D7(c),  we  find  the 
system  MTF  in  both  the  x and  the  y direction.  We  also  find  the  noise-filtering  MTF. 

This  MTF  indicates  how  the  detected  signal  and  noise  are  modulated  by  system  com- 
ponents beyond  the  detector. 

An  additional  feature  of  the  long  printout  is  that  it  prorides  enough  information 
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Table  D7(a).  Long  Output  Data 

X MODULATION  TRANSFER  FUNCTIONS 

__QPXIC GOBI  Lift  DETEC  A SPMS  ELECT  BOOST  VIOCN  i_EO  D5PLY  L iS 


Table  D?<b).  I 

•<»ig  Output  Data 

y MOOC/LATtONI  rPANSFL*)  fllNCTlOiSS 
F*EQ  JMrit  CiOJLUM  UtTEC 

VlOCSl 

t ItJ 

o 6i^l  r 

L 1 3 

_ Y 

C'.C 

1 .00 

1 .00 

1 . OC 

1.  4'C 

1 . Ll 

l.CC 

i • - o 

1 . ' 

0.20 

0 .96 

l »oc 

1 . oc 

1 . OC 

1 . 60 

1 . 0 0 

1 . 0 0 

C • 9 ■' 

0.40 

o . 9 a 

1 . oc 

0-  Vtl 

1.00 

l.OC 

1 . 0 

i . : •; 

. '<  i 

0*60 

0.9J 

1.00 

0.9  b 

1 . OC 

1 . 0 c 

0 . V .V 

1 . "0 

C . 9 1 

o ,ao 

0.90 

i . cc 

0.94 

1 . OC 

1 . oc 

0.  ■<  9 

1 • 0 0 

C ,9« 

1 .00 

0.63 

1 . oc 

0.90 

1.  00 

1 . Ot 

C . 0 :» 

i * :o 

0 . 9 £ 

I .20 

0.6a 

1 . 00 

0 . 66 

1.00 

1.00 

D # , 7 

icoe 

C.  JC 

1 .40 

0.63 

1 . 00 

0.3  1 

1 • V C 

1 . 0 C 

• Jo 

1.00 

• n '/ 

1.60 

o .ac 

1 < cc 

C.  7 0 

1 . oc 

l.CC 

u . 9 o 

1.00 

C •!)  !< 

i .ac 

o.7a 

1 .Cc 

0.70 

1 . 00 

l.CC 

: . 04 

1.00 

C . do 

2.0C 

0.76 

1 . 0 c 

0.  64 

1 . 00 

1 .00 

0.93 

1 • c 0 
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Table  D7(i).  Long  Output  Data 
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Table  D7(k).  Long  Output  Data 
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for  hand  calculations  of  performance.  Such  calculations  may  be  used  to  check  the  pro- 
gram computations.  The  two  quantities  in  Table  D7fe)  and  the  first  four  quantities  in 
Tabic  D7(d)  reference  variables  in  the  mathematical  formulation  of  the  static  perform- 
ance model.  See  equations  (26),  (27),  (24),  (21),  (22),  and  (12)  in  the  main  body  of 
the  report  foi  their  definition  and  U3e.  The  last  item  in  T^ble  D7(d)  is  the  NEAT  of 
the  system. 

Table  D7(f)  contains  various  predicted  system  MRT’s.  Those  in  the  x-direction 
(XMRT)  and  y-direction  (YMRT)  correspond  to  laboratory  measurements.  XLMRT 
and  YLMRT  arc  MRT’s  in  the  x and  y directions  adjusted  so  that  the  length  of  a super- 
imposed bar  pattern  will  match  the  target  length.  These  MRT’s  are  used  in  the  calcula- 
tion of  performance.  The  45°  MRT  is  the  square  root  of  the  sum  of  the  squared  x direc- 
tion MRT  and  the  squared  y direction  MRT.  Table  D7(i)  presents  the  system  MDT. 

Detection  performance  based  on  temperature  and  power  for  three  directions  and 
two  fields  of  view  can  be  found  in  Tables  7(k)  and  D7(l).  Detection  probability  based 
on  the  MDT  and  Rosell’s  criteria  can  be  located  in  Table  D7(j).  Finally,  in  Tables  D7(g) 
and  D7(h),  we  have  the  power-  and  temperature-based  recognition  performance  in  three 
directions.  The  conservative  and  optimistic  predictions  correspond  to  a recognition  cri- 
teria based  on  4 cycles  and  3 cycles,  respectively.  Note  that  the  short  listing  displays  the 
conservative  prediction. 

C.  A Multiple-Run  Deck  with  Target  and  Atmospheric  Changes. 

In  order  to  illustrate  the  multiple-run  features  of  this  program,  we  will  expand  our 
example  a bit  in  the  next  three  sections.  In  this  section,  we  will  develop  a deck  along 
the  lines  of  Figure  D2  where  we  do  three  runs  changing  the  atmosphere  and  then  the 
target.  We  know  that  the  simple  deck  discussed  in  Sections  A and  B and  portrayed  in 
Figures  D6  and  D7  is  complete  with  the  addition  of  a DONE  card  after  the  last  card  in 
Figure  D7.  When  we  change  this  card  to  an  ENDS  card,  we  are  ready  for  more  runs. 

Let  us  first  do  predictions  when  the  air  temperature  rises  to  20°  C.  Then,  we  will  sec 
what  happens  when  the  target  temperature  is  lowered  to  5°  C over  the  background. 

The  total  deck  for  this  multiple  run  will  consist  of  the  cards  illustrated  in  Figures  D6, 

D7  and  1)8.  Note  that  the  first  and  the  third  listing  will  be  in  the  extended  form. 

For  economy,  the  output  from  this  multiple  deck  will  differ  from  what  would  be 
expected  if  three  decks  were  run  separately.  Three  listings  of  the  inputs  will  be  printed 
since  the  inputs  change  each  time.  System  calculations  are  performed  only  once,  how- 
ever, so  they  are  printed  only  once.  In  this  case.  Tables  D7(a)— D7(f)  a.id  Table  D7(i) 
define  the  system  predictions  and  will  be  produced  by  the  first  run  along  with  Tables 
D7(g),  D7(h),  D7(j),  and  D7(l).  The  second  run  will  produce  results  consisting  of  the 
new  input  listing  and  tables  in  the  form  of  L)6(d)  and  D6(e).  Finally,  ihe  last  run  of 
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this  deck  prints  another  input  listing  and  a new  set  of  tables  in  the  form  of  D7(h)— D7(l). 
Remember  that  these  last  tables  pertain  to  predictions  made  for  an  atmospheric  air  tem- 
perature of  20°  C and  a target  temperature  of  5°  C.  All  changes  carry  through  to  sub- 
sequent runs. 

D.  A Multiple-Run  Deck  with  System  Parameter  Changes. 

In  like  manner,  we  put  together  a multiple-run  deck  with  system  changes  accord- 
ing to  Figure  D3.  Let  us  consider  a new  optical  system  for  our  example  which  has  an 
MTF  in  the  x and  y directions  well  as  a transmission  of  40%.  The  multiple-run  deck 
we  obtain  is  the  combination  of  Figures  L>6,  D7,  and  D9.  Titere  will  be  two  sets  of 
Tables  D5  and  D6  in  our  output  listing. 

E.  A Mixed,  Multiple-Run  D^ck. 

Finally,  let  us  take  the  two  systems  in  Section  D and  predict  performance  for  the 
three  conditions  in  Section  C.  The  single  deck  that  will  do  these  six  runs  can  bo  con- 
structed by  bringing  together  Figures  D6,  D7,  and  DIO,  successively.  The  output  listing 
will  follow  the  patterns  sketched  in  Sections  B,  C,  and  D. 

VI.  Supplements 

The  supplements  contain  many  specific  references  to  the  theoretical  treatment  of 
the  Night  Vision  Laboratory  Static  Performance  Model  for  Thermal  Viewing  Systems. 

All  references  to  “the  main  body  of  this  report”  reter  to  pages  1-34.  Specific  equations 
from  the  main  body  of  the  report  are  referenced  whenever  appropiiate. 


Supplement  1 
Target 

A discussion  of  the  target  model  can  be  found  in  the  theoretical  treatment  of  the 
’ erformance  model  under  Section  II,  Target,  Background,  and  Atmosphere.  Table  l, 

Si  ction  II,  describes  a selection  of  target  models  that  ean  be  used  as  inputs.  These 
models  are  for  a tank,  an  APG,  a 2'/2-ton  truck,  and  a man. 

The  TARG  card  may  be  excluded  from  the  input  deek:  (1)  if  one  has  no  particular 
taiget  requirement,  or  (2)  if  one  is  only  interested  in  the  predicted  system  MKT  or  MOT 
rather  than  field  performance.  When  the  TARG  card  is  not  included  in  the  data  deck, 
the  default  parameters  listed  in  Table  D2  are  input  to  the  model. 

Probabilities  of  system  performance  are  predicted  as  a function  of  range.  Range  is 
defined  as  the  distance  between  the  observer  and  the  target.  The  RANG  card  specifies 
the  positions  of  the  target  which  are  of  interest  to  the  user  for  detection  and  recognition 
performance.  Ideally,  one  would  receive  an  adequate  span  of  range  predictions  to  plot 
a continuous  curve  of  the  probabilities  from  1 00%  to  0%  of  detection  and  recognition. 
Possibly,  one  would  only  have  interest  in  a range  of  specified  probability.  However,  at 
this  time,  there  is  no  search  procedure  for  the  initial,  terminal,  or  percentage  of  interest 
range. 


1.1  XLTAR,  XIITAR  - The  real  target’s  critical  dimension  is  XHTAR.  For  most 
Army  vehicular  targets  and  for  all  targets  used  in  the  validation  of  the  main  body  of 
this  report,  the  critical  dimension  is  the  minimum  dimension  whether  it  be  the  width  of 
a man  or  the  height  of  a tank.  The  real  target  is  modelled  in  the  computer  program  by  a 
rectangle  with  uniform  AT  . The  smaller  dimension  of  this  rectangle  is  XHTAR. 

XLTAR  is  the  rectangle  length  that  when  multiplied  by  the  critical  dimension  will  yield 
the  thermal  area  of  the  real  target.  As  an  example,  Table  1 shows  that  for  a tank/side, 
XHTAR  ~ 2.7  m and  XLTAR  - 5.25  m.  All  dimensions  are  in  meters  and  may  take  on 
any  value  greater  than  0.0. 


1.2  DETEMP,  TBAC  — DETEMP  is  the  absolute  value  of  the  average  temperature 
difference  ATAV(;  defined  by  equations  (1)  and  (2).  DETEMP  must  be  greater  than 
0.0°  C;  negative  differences  are  not  valid  inputs.  TBAC,  the  background  temperature, 
is  usuallv  12.0°  C.  If  the  user  omits  the  value  of  TBAC  on  his  data  card  or  inputs  0.0, 
the  value  o."  12.0  will  be  input.  Therefore,  if  is  impossible  to  specify  a 0.0°  background 
which  may  be  a true  representation  of  a sky  background.  To  dodge  this  fault,  input 
0.01°  C or  some  very  small  number  to  approximate  0.0°  C. 


1.3  HtMlN,  MiMAX,  IRPIN,  1RDAX  — The.  minimum  and  maximum  ranges  of 


interest  for  recognition,  IRMIN  anti  IRMAX,  respectively,  and  for  detection,  IRDIN 
and  IRDAX,  arc  required  by  the  program.  Given  a minimum  range  and  maximum  range 
for  recognition  performance,  the  model  will  calculate  the  probability  of  recognition 
starting  at  the  minimum  range,  continuing  for  additional  ranges  in  increments  of 
(IRMAX-IRMIN)/9  until  the  maximum  range  is  reached  for  a total  of  ten  ranges.  Like- 
wise, the  model  will  calculate  the  probability  of  detection  starting  at  range  IRDIN  to 
range  IRDAX  in  increments  of  (IRDAX— lRDIN)/9.  IRMAX  must  be  greater  than 
IRMIN  and  IRDAX  must  be  greater  than  IRDIN.  All  four  ranges  must  be  greater  than 
0.0  and  in  units  of  meters. 


The  RANG  card  may  be  omitted  from  the  data  deck  and  the  default  option  in 
Table  D2  will  be  input.  Selection  of  input  ranges  comes  with  experience.  Theoretically  , 
if  everything  is  ideal  and  the  system  is  only  limited  by  the  detector,  the  50%  probability 
range  of  system  performance  can  be  approximated  by 


RANGE - 


XIITAR  * 1000 
DEI, TAX  * XCYCLES 


where  XCYCLES  is  1.0  for  the  suggested  detection  criteria.  XCYCLES  is  4.0  for  the 
suggested  recognition  criteria.  Where  no  prior  knowledge  of  system  performance  exists, 
it  is  suggested  that  the  user  first  try  the  default  to  the  RANG  card.  Then,  adjust  the 
RANG  card  based  on  these  results. 
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Supplement  2 
Atmosphere 

In  this  program,  there  are  two  different  ways  to  account  for  atmospheric  effects. 

A modified  version  of  an  atmospheric  transmission  model  developed  by  the  Air  Force 
Cambridge  Research  Laboratory  can  be  used  by  placing  an  ENVI  card  in  the  input  deck. 
This  card  supplies  the  inputs  to  the  atmospheric  model. 

The  model  requires  values  for  the  relative  humidity,  the  air  temperature,  and  the 
visibility  range  of  the  atmosphere.  These  are  all  continuous  variables  and  any  number, 
subject  to  certain  restrictions,  can  be  used.  In  order  to  aid  the  user,  however,  Table  D8 
associates  typical  discrete  values  of  these  variables  with  commonly  observed  atmospher- 
ic conditions.  Temperature  and  relative  humidity  are  grouped  into  three  classes.  These 
tvvo  variables  together  determine  the  water  vapor  concentration  of  the  atmosphere 
which  is  often  the  predominant  cause  of  atmospheric  attenuation  in  the  IR.  Figure  Dll 
can  be  used  as  a guide  in  determining  an  appropriate  temperature-relative  humidity 
combination.  When  using  low  visibility  ranges,  cheek  to  make  sure  that  the  RANG  card 
is  specified  properly.  In  general,  below  a 2-kilometer  visibility  range,  anticipate  the 
possibility  of  low  performance  ranges. 


Table  1)8.  Atmospheric  Models  and  Inputs 


Type 

Visibility  Range 
(km) 

Temper  ulurc/Rclativc 
Humidity* 

Very  clear 

40 

I 

Clear 

23 

I 

Light  haze 

p 

II 

ll«.ze 

r> 

11 

Heavy  haze 

2 

II 

Light  fog 

l 

III 

Heavy  fog 

• *4 

III 

Light  rain 

12 

11 

Moderate  rain 

6 

II 

Heavy  rain 

2 

III 

Very  heavy  rain 

.5 

III 

* I — low  water  vapor  content. 

II  — moderate  water  vapor  content. 
Ill  — high  water  vapor  content. 


i 

j 

] 

! 

il 


\ 

■? 

i 


j 

j 


1 7d 


TEMPERATURE  (°F) 


(Optical Properties  of  the  Atmosphere,  McCIatchey  et  at.). 


If  spectral  atmospheric  transmission  data  per  kilometer  is  available,  a simple  Beer's 
Lav  attenuation  calculation  can  be  performed.  Atmospheric  transmission  is  determined 
in  0.1-micron  intervals  by  linearly  interpolating  data  supplied  by  the  TOTL  card.  When 
TOTL  is  used,  the  ENVI  card  is  not  necessary.  If  the  transmissions  on  the  TOTL  card 
correspond  to  the  default  wavelengths  for  a 3-5  micrometer  system  stored  in  the  WAVE 
array  (see  Table  D2),  the  card  ATEW  is  not  needed  when  using  TOTL.  When  the  user 
has  a choice  between  the  Iwo  methods  of  accounting  for  atmospheric  effects,  he  should 
use  the  transmission  model  needing  the  ENVI  input  card.  It  has  more  validity  than  a 
Beer’s  Law  calculation. 

It  is  perfectly  correct  to  exclude  all  atmospheric  cards.  In  this  case,  calculations 
arc  performed  for  a clear  standard  atmosphere  having  a visibility  range  of  23.0  kilome- 
ters, an  air  temperature  of  15.0°  C,  and  a relative  humidity  of  46%.  Specific  reference 
notes  on  individual  parameters  follow: 

2.1  AIRTMP  — the  air  temperature  may  take  on  any  value  from  -29.0°  C to 
38.0°  C.  See  Figure  Dll,  RVIS  (2.3),  and  ISTATE  (2.4). 

2.2  RH  — the  relative  humidity  may  take  on  any  value  from  0.0  to  100.0.  Sec 
Figure  I)  1 1 , RVIS  (2.3),  and  ISTATE  (2.4). 

2.3  RVIS  — the  visibility  range  in  kilometers  may  take  on  any  value  greater  than 
zero.  A visibility  range  of  less  than  or  equal  to  1.0  kilometer  is  defined  as  a fog.  RH  is 
ignored  when  RVIS  < 1.0  and  set  equal  to  100%.  See  Table  D8  and  ISTATE  (2.4). 

2.4  ISTATE  — is  an  index  which  designates  special  atmospheric  conditions  that 
may  occur.  If  ISTATE  equals  1-4,  a rain  model  is  used.  RVIS  is  predefined  according 
to  Table  D2,  so  any  RVIS  input  is  ignored.  However,  AIRTMP  and  R H must  still  be 
defined.  The  only  exception  to  this  is  when  ISTATE  equals  4.  Then,  any  RH  input  is 
ignored  and  RH  is  set  equal  to  100%.  When  ISTATE  equals  1-3,  a recommended  value 
for  RH  is  75%. 

2.5  SIGMA,  WAVE  — are  each  arrays  having  seven  fields  and,  whenever  they  are 
used,  all  seven  fields  must  contain  values.  If  only  the  band  transmission  per  kilometer 
is  known,  repeat  the  same  transmission  seven  times  on  the  TOTL  card.  Then,  assume 
either  the  default  wavelengths  for  SIGMA  or  select  sever  wavelengths  contained  between 
WAVE1  and  WAVE2  on  the  BAND  card.  Any  wavelengths  contained  on  the  ATEW 
card  need  not  start  exactly  at  the  beginning  of  the  band  or  end  exactly  at  the  end  of  the 
band  but  they  must  increase  monotonically  from  smaller  to  larger  values.  Wavelengths 
do  not  need  to  be  equally  spaced  from  one  another.  When  the  default  option  is  used 
for  ATEW,  the  appropriate  3-5  micrometer  spectral  band  is  supplied. 
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Supplement  3 
Optics 


The  specifications  for  the  system’s  optics  arc  on  cards  OPTI,  MTOX,  and  MTOY. 
Cards  MTOX  and  MTOY  describe  the  MTF  of  the  optics  in  the  horizontal  and  vertical 
directions,  respectively.  Input  values  for  these  two  cards  need  not  be  the  same.  The 
total  MTF  of  the  optical  component  is  the  product  of  the  MTF  of  the  optics  (Note  3.5) 
and  the  MTF  due  to  geometric  blur  (Note  3.3).  Notes  on  the  individual  inputs  follow: 

3.1  FNUMB,  FOC  - FNUMB  is  the  F-number  of  the  objective  lens.  The  F-num- 
ber  is  a positive,  unitless  decimal  number.  Reference  Section  III,  par.  Al,  MTF, 

OPTICS,  equation  (10),  (F#),  and  Section  III,  par.  B,  NEAT,  equations  (24)  and  (25), 
(F),  for  its  use.  FOC  is  the  focal  length  of  the  objective  lens.  It  is  a positive  decimal 
value  in  inches.  Reference  Section  III,  par.  Al,  MTF,  OPTICS,  equation  (10)  for  its  use. 
An  example  of  interaction  of  variables  is  illustrated  by  the  following  relatio.isbi  d. 


FNUMB  = FOC/Diameter  of  (he  objective  lens  (inches). 


Although  the  diameter  of  the  objective  lens  is  not  an  input,  the  diameter  which  satisfies 
the  above  equation  should  be  checked  to  see  if  it  is  within  reasonable  bounds  of  tech- 
nology. Another  example  of  interaction  which  must  be  han  * checked  by  the  user  for 
consistency  is  / SRTAD/FOC  for  square  detectors 

x-dimension  of  detector  (mils) 


DELTAX  = 


FOC 


otherwise 


DELTAX,  the  det  ector  IFOV  in  the  x-direction  in  units  of  milliradians,  and  SRTAD, 
the  square  root  of  the  detector  area  in  units  of  mils,  arc  defined  in  Supplement  5.  It  is 
impor'am  to  note  that  FOC  is  related  to  detector  characteristics  and  that  a change  in 
any  of  the  three  variables  above  affects  al  least  one  of  the  other  two. 


3.2  T0  — T0  is  the  optical  transmission  averaged  over  the  spectral  bandwidth 
which  is  specified  by  card  BAND.  For  perfect  transmission,  T0  = 1.0;  otherwise, 
0.0  < T0  < 1.0.  TO  (rD)  appears  in  equations  (24)  and  (25). 

3.3  ABLUR  — The  purpose  of  ABLUR  is  to  calculate  an  MTF  due  to  the  geo- 
metric blur  of  the  optics.  An  assumption  necessary  to  the  model  is  that  the  spot  size 
of  the  geometric  blur  is  gaussian  and,  therefore,  the  fouricr  transform  of  the  spot  size 
results  in  a gaussian  MTF.  The  form  of  the  MTF  (H  jjj  uu)  's  ’n  Section  El,  par.  Al . 
MTF,  OPPICS,  equation  (11),  and  is  repeated  below  for  further  reference: 
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EXP(-bf’) 


^ BLUR 

where  fx  is  the  spatial  frequency  in  cyclcs/milliradian  and  b is  ABLUR,  in  square  mrads. 
Calculate  A8LUR  by  one  of  the  following  four  methods: 

(1)  If  there  is  no  system  degradation  due  to  geometric  blur  specified  for  the 
optics,  then  ABLUR  = 0.0  and  the  resultant  MTF  w ill  be  100%  at  all  frequencies;  i.e., 
there  will  be  no  degrading  effect  on  system  performance.  If  a blank  is  left  in  the  fourth 
field  of  the  OPT  I card,  0.0  will  be  substituted  for  ABLUR. 

(2)  If  degradation  due  to  geometric  blur  is  taken  into  account  in  a given 
total  optics  MTF,  ABLUR  - 0.0.  The  total  optics  MTF  is  input  on  cards  MTQX  and 
MTOY  which  arc  described  ii>  Note  3.5. 

(3)  Consider  the  case  where  the  user  has  a given  geometric  biur  MTF.  At 
the  present  time,  there  is  no  way  to  input  this  MTF  direct'y.  Solve  for  ABLUR  by- 
choosing  an  MTF  value  (usually  50%)  and  its  corresponding  frequency  and  substituting 
in  equation  (1 1).  The  goodness  of  fit  between  the  calculated  and  given  curves  is  de- 
pendent on  the  assumption  of  i gaussian  MTF. 

(4)  Finally,  the  use.-  may  have  a given  geometric  blur  spot  size.  When  given 
the  spot  size,  it  is  necessary  to  ask:  Is  the  spot  size,  noted  by  w,  the  full  spread  of  the 
function  or  is  it  the  half  value,  and  to  which  value  of  the  spread  function  does  w refer? 
ABLUR  is  calculated  for  several  common  points  of  measurement  below:  (If  some  other 
point  of  measurement  is  given,  the  procedure  L,  analogous.) 

(a)  A common  method  of  spot-size  measurement  is  the  shrinking- 
raster  method.  The  given  spot  size  is  the  w illustrated  below: 


X (MRAD) 


r 


• The  gaussian  spread  function  is  o'axl  . 


~ Given  the  v/  above,  e‘ax  = e'1  it  w or  « = -b-. 

vr 

• Taking  the  fourier  transform  of  the  spread  function 

MTF  : ; e'4'-’ f>  ^4“  * = e'ff>  f’  1° 

• ABLIIR  = 7r2/a  from  equation  (11). 

• In  this  case,  ABLUR  vr2w2  is  the  input. 

(b)  The  spot  size  may  be  measured  between  the  two  points  on  the 


• Given  this  w,  e'“x>  = e*1  at  w/2  ora  - 4/w2. 

• MTF  = e**’fl/a 

• ABLUR  = 7r2/a 

• ABLUR  = rr2  w2/4  is  the.  input. 

(e)  Another  common  measurement  of  spot  size  is  the  50%  point  of 


function: 


^ -ax’  tn  -In  (.50) 

• c ftX  = .50  at  w or  a = — 


w‘ 


MTF  = c'715  fl 
A BLUR  = 7r2/a 
ABLUR  = 


JTJW2 


is  the  input. 


-In  (.50) 

(>t)  If  spot  size  is  measured  between  the  two  points  on  .he  spread 


• e'ax  = .50  at  w/2  or  a 

• MTF  = e"Sf,/“ 


-4  In  (.50) 


w‘ 


• ABLUR  = ir2  /a 

7T^  W2 

• ABLUR  — - is  the  input. 

-4  In  (.50) 

(e)  The  user  may  develop  Ids  own  techniques. 

3.4  XL  AMI  - XLAMB  is  the  wavelength  of  diffraction  (X)  in  equation  (10). 
Acceptable  values  are  3.0  < XLAMB  < 5.0,  8.0  < XLAMB  < 14.0,  and  XLAMB  = 0.0. 

If  the  input  value  of  XLAMB  is  not  in  the  defined  ranges,  an  error  message  is  printed 
and  the  program  ceases  execution.  (See  Supplement  12  for  the  error  message.)  Usually, 
the  middle  of  the  system’s  operating  bandwidth  is  a reasonable  input.  If  a value  of  0 0 
or  a blank  is  input  as  XLAMB,  the  program  sets  XLAMB  = (W  AVFl+WAVE2)/2.0 
where  WAVE1  and  WAVE2  are  inputs  from  the  BAND  card.  Perhaps  in  comparing 
several  systems  of  approximately  the  same  operating  bandwidth,  one  will  choose  a 
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common  value  of  XLAMB.  If  the  user  is  assuming  a diffraction  limited  MTF  of  the 
optics  as  in  equations  (9)  and  (10),  XLAMB  is  used  in  the  predictions.  However,  if  an 
optics  MTF  is  input,  predictions  do  not  depend  on  XLAMB. 

3.5  XO,  YO  - XO  is  an  array  on  card  MTOX  of  the  MTF  values  of  the  optics  in 
the  x-direetion  which  corresponds  to  the  array  of  increasing  spatial  frequencies  on  card 
PCMR.  YO  is  an  array  on  card  MTOY  of  the  MTF  values  of  the  optics  in  the  y-direction 
which  corresponds  to  the  array  of  increasing  spatial  frequencies  on  card  FCMR.  Accept- 
able values  range  from  i .0  to  0.0.  Three  methods  exist  for  inputs  to  cards  MTOX  and 
MTOY: 


(1)  If  there  is  no  system  degradation  due  to  the  optics  (i.e.,  an  MVF  of 
100%),  input  ten  1.0’s  for  arrays  XO  and  YO.  If  the  MTOX  card  or  MTOY  card  or 
both  are  left  out,  the  default  option  is  all  1.0’s  for  the  respective  array. 

(2)  If  one  is  given  a measured  or  known  optical  MTF,  input  ten  MTF  values 
off  this  known  curve  which  correspond  to  the  FQ  array  on  the  FCMR  card  for  the  relat- 
ed card  (MTOX,  MTOY,  or  both). 

(3)  If  a predicted  MTF  based  on  the  as  umption  of  a diffraction-limited 
system  is  desired,  input  ten  0.0’s  for  arrays  XO  and  \ O.  A diffraction-limited  MTF  as 
a function  of  spatial  frequency  may  be  calculated  in  both  the  x and  y directions  by 
equations  (9)  and  (10). 
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Supplement  4 
Scanner 


The  inputs  of  the  SCAN  card  arc  essential  to  the  NEAT,  MRT,  and  MDT  predic- 
tions. Notes  on  the  individual  variables  follow: 


4.1  ER  — FR  is  the  frame  rate  of  the  scanning  system  in  frames/second.  The 
frame  time  is  the  time  required  for  one  complete  scan  of  the  field  of  view;  frame  rate 
is  the  inverse  of  frame  time  Any  positive  value  of  FR  is  acceptable.  FR(Fr  ) is  an  in- 
put to  the  calculation  of  the  number  of  resolution  elements  in  Section  III,  par.  B, 
NEAT,  equation  (23);  the  MRT  prediction  in  Section  III,  par.  C,  MRT,  equations  (26) 
and  (27):  and  the  MDT  prediction  in  Section  111,  par.  D,  MDT,  equation  (28). 

4.2  XNSC  — XNSC,  the  overall  scan  efficiency,  is  the  percent  of  time  the  scanner 
is  on  the  detectors.  XNSC  is  a decimal  greater  than  0.0  and  less  than  or  equal  to  1.0. 

An  input  of  1.0  means  100%  scan  efficiency,  “Overall”  in  the  above  definition  means 
that  the  scan  efficiency  is  the  product  of  the  horizontal  scan  efficiency  and  the  vertical 
scan  efficiency.  XNSC  is  an  input  to  equation  (23). 

4.3  OVERSC  - OVERSC  is  the  overscan  in  the  111  field  by  the  detectors  and  is 
defined  by  the  following  ratio: 


OVERSC  = 


PELTAY 

raster  spacing  (mrad) 


where 

1 #active  raster  lines/frame 

raster  spacing  VFOV  x 17.45  (mrad/deg) 


where  DELTA  Y is  the  vertical  instantaneous  field  of  view  of  the  detector  input  on 
card  PETR  and  VFOV  is  the  system’s  vertical  field  of  view  input  on  card  SYST. 
OVERSC  is  positive  and  unitless.  Equations  (23),  (26),  (27),  and  (28)  are  a function 
of  OVERSC.  For  overscan  on  the  display,  see  Supplement  10. 
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Supplement  5 
Detector 


Characteristics  of  the  detector  are  input  on  cards  PETR,  DET2,  DROX,  DROY, 
NPSP,  NPSF,  CSTD,  and  DSTL.  The  user  may  exclude  the  DET2,  DROX,  or  DROY 
card,  and  the  default  options  listed  in  Table  D2  will  be  input. 

Notes  on  the  individual  variables  on  card  PETR  follow: 

5.1  DELTAX,  DELTAY  - DELTAX  and  DELTAY  are  the  instantaneous  fields 
of  view  of  the  detector  in  the  horizontal  and  vertical  directions,  respectively.  DEI  .TAX, 
DELTAY  > 0.0  and  are  in  units  of  miiliradians.  Both  variables  (Ax,  Ay)  are  necessary 
inputs  to  calculate  the  number  of  resolution  elements/s  in  Section  HI,  par,  B,  NEAT, 
equation  (23).  DELTA  Y (Ay)  is  used  in  MRT  calculations,  equations  (26)  and  (27), 
and  it:  the  MDT  calculation,  equation  (28).  Interactions  with  other  system  inputs 
include: 


DELTAX  = 


OVERSC  “ 


l SRTAD/FOC 
x-dimension  of  detector  (mils) 


FOC 


square  detector 
otherwise 


and 

DEuTAY 


raster  spacing  (inrud) 


5.2  XN  - XN  is  the  number  of  active  detectors  in  parallel.  XN  ■>  1.0.  XN  (n)  is 
used  to  calculate  the  number  of  resolution  elements/s  in  equation  (23). 


5.3  DISC  — DISC  is  the  number  of  active  detectors  in  each  row  of  the  detector 
array,  i.e.,  in  series.  DISC  > 1.0.  DISC  (N)  is  a necessary  input  to  the  NEAT  calcula- 
tion in  equation  (24)  or  (25). 

5.4  SRTAD  — The  effective  detector  size,  in  units  of  mils  (10'3  in.)  is  calculated 
as  follows: 

SRTAD  - ^ width  of  the  detector  (mils)  x height  of  the  detector  (mils) 

SRTAD  > 0.0.  SRTAD  (A^ ) is  used  in  the  NEAT  calculation  in  equations  (24)  or  (25). 
It  interacts  with  other  inputs  by 

DELTAX  ~ SRTAD/FOC.  (for  square  detectors) 
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5.5  DPEAK  - DPEAK  is  the  peak  D*  (X,  f0)  value  in  units  of  1010  cm-sqrt 
(hcrtz)/watt.  DPEAK  > 0.0.  The  DDSTAR,  array  is  input  on  card  DSTD  as  a relative 
curve  normalized  such  that  the  input  D#  (X,  fu)  at  DPEAK  equals  1.0.  The  program 
then  calculates  D*(X,  f0)  = DPEAK*  DDSTAR. 

5.6  F0  - F0  is  the  measuring  frequency  of  D*  (X,  f0 ).  F0  > 0.0  and  is  input 
in  units  of  K hertz.  For  most  HgCdTe  detectors,  F0  = 10.0  K hertz.  See  Supplement 
5.11  where  S(F0)  = 1.0. 

Notes  on  the  individual  variables  on  card  DET2  follow : 


5.7  ANGLE  — ANGLE  is  the  cold  shield  half  angle  in  degrees.  ANGLE > 0.0. 
ANGLE  (9/2)  is  used  in  the  shot-noise- limited  system  NEAT  calculation  in  equation 
(25).  If  MOM  = 0.0  is  input  in  field  two  of  this  card,  then  the  value  of  ANGLE  is  not 
used  in  any  system  calculations  and  therefore  may  be  input  as  anything. 


5.8  MOM  - MOM  indicates  to  the  computer  program  which  of  three  methods  to 
choose  for  the  NEAT  calculation.  If  MOM  = 0.0,  the  NEAT  for  a detector-noise* 
limited  system  in  equation  (24)  is  computed: 


NEAT  = 


K <dX 


where  the  bandwidth  Afu  is  defined  by  equation  (21)  and  the  inpet  DDSTAR  array  is 
D*  which  was  measured  in  the  dewar  with  its  internal  cold  shield.  If  MOM  = 1.0,  the 
NEAT  for  the  shot-noise-limited  system  in  equation  (25)  is  computed: 


NEAT 


4F1  (Af„  f Sin  (0/2) 

D" n”;  dX 


wh^re  Afn  is  defined  by  equation  (21)  and  the  input  DDSTAR  array  is  1)**  which  was 
not  measured  to  include  the  cold  shield.  If  MOM  = 2.0,  the  NEAT  is  calculated  by 
equation  (24);  however,  Afn  is  the  white  noise  approximation  defined  in  equation  (22). 
MOM  must  be  equal  to  either  0.0,  1.0,  or  2.0. 

5.0  FSTAR  - FSTAR  is  the  frequency  of  the  3-dB  point  of  the  detector  response. 

It  is  an  input  to  the  calculation  of  the  detector’s  temporal  transfer  function  in  equation 
(14).  (f*).  For  this  calculation,  FSTAR  > 0.0  and  in  units  of  K hertz.  The  detector’s 
temporal  MTF's  are  calculated  by  the  program  only  if  either  array  XP  on  card  DR  OX 
or  YD  on  card  PRO  V is  all  zeros.  If  the  detector  temporal  MTF’s  are  not  calculated, 
KST\R  is  not  UM-d  in  any  system  calculations;  thus,  the  user  may  input  any  value  for 
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FSTAR. 


Notes  on  the  input  arrays  on  cards  DROX  and  PROY  follow: 

5.10  XD,  YD  — Array  XD  on  card  DllOX  is  the  MTT  of  the  detector’s  temporal 
response  in  the  x-direction.  Array  YD  on  card  DROY  is  the  MTF  of  the  detector’s 
temporal  response  in  the  y-direction.  Both  arrays  XD  and  YD  correspond  to  the  in- 
creasing temporal  frequencies  of  array  FQQ  on  card  FLU/.  Acceptable,  values  for  ar- 
rays XD  and  YI)  range  from  1 .0  to  0.0.  The  three  input  methods  for  MTF’s  XD  and 
YD  are  as  follows: 

(1)  If  there  is  no  system  degradation  due  to  the  detector’s  temporal  MTF, 
input  ten  1.0’s  for  arrays  XD  and  YD.  If  either  card  DROX  or  card  DROY  is  left  out 
of  the  data  deck,  the  default  option  in  Table  D2  is  to  input  all  1.0’s  for  the  respective 
array. 


(2)  If  one  is  given  a measured  or  known  detector  temporal  MTF,  input  ten 
MTF  values  off  the  known  curve  which  correspond  to  the  FQQ  array  on  FLHZ. 

(3)  If  a predicted  MTF  is  desired,  input  ten  0.0’s  for  arrays  XD  and  YD. 

The  temporal  MTF  will  be  calculated  by  equation  (14)  of  Section  III,  par.  A2,  MTF, 
Detector,  (llj)KT),  using  the  input  value  of  FSTAR  on  card  DKT2, 

Notes  on  the  input  arrays  of  cards  NPSP  and  NPSF  follow: 

5.11  S — S is  an  array  of  the  adjusted  noise  power  spectrum.  Determine  the  nor- 
malization factor  such  that  the  detector  noise  power  spectrum  in  units  of  10'9  volts/llz ^ 
is  adjusted  to  1.0  at  frequency  FQ),  the  measuring  frequency  of  the  D*  array  which  was 
input  ou  card  1)KTR.  All  elements  of  array  S on  card  NPSP  arc  values  of  the  noise 
power  spectrum  which  have  been  adjusted  by  the  same  factor.  Although  ten  is  the 
usual  formatted  array  size,  only  eight  values  of  the  S array  will  he  read  and  used  by  the 
program.  The  first  value  of  the  S array  must  he  greater  than  but  not  equal  to  1.0.  Pick 
off  eight  points  from  the  adjusted  noise  power  spectrum  which  reflect  the  curvature  and 
input  these  as  S.  A typical  adjusted  noise  power  spectrum  on  which  each  x represents 
an  element  of  S is  illustrated  in  the  following  figure: 
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1.0 


* 


F$ 


FREQUENCY  (LOG10HZ) 


The  computer  program  interpolates  and  extrapolates  to  find  the  adjusted  noise  power 
spectrum  value  at  the  frequencies  required  for  the  program  calculations.  The  elements 
of  S correspond  to  the  logarithmic  frequencies  of  array  F on  card  NPSF.  S is  used  in 
the  electronic  noise  bandpass  calculation  in  Section  III,  par.  B.  NEAT,  equation  (21), 

(S(f )) ; in  the  calculation  of  Q in  Section  III,  par.  C,  MRT,  equation  (261  and  QQ  in 
equation  (27);  and  in  the  calculation  of  M1)T  in  Section  III,  par.  D,  MOT,  equation  (28). 

5.12  F - The  elements  of  array  F are  the  frequencies  in  i og)0  hertz  which  cor- 
respond to  the  input  elements  of  array  S.  F ii;  input  on  card  NPSF  and  must  consist  of 
eight  positive  and  increasing  values. 

Notes  on  the  input  arrays  on  cards  DSTD  and  JDSTL  follow : 

5.13  DDSTAR  — DDSTAR  is  a relative  spectral  curve  of  the  D*  (A,  f0)  which  has 
been  normalized  to  1.0  at  DPEAK. 


DDSTAR* 


D*(Mo) 

DPEAK 


Ten  positive  values  may  be  input  in  array  DDSTAR  on  card  DSTD  to  represent  the  rela- 
tive curve.  The  computer  program  interpolates  and  extrapolates  values  from  DDSTAR. 
Elements  of  DDSTAR  correspond  to  the  wavelengths  of  array  XLMBA  inpu*  on  card 
DSTL.  DDSTAR  is  used  in  NEAT  calculations  in  equations  (24),  (D*),  and  y25),  (D**). 

5.14  XLMBA  - XLMBA  on  card  DSTL  is  the  array  of  ten  increasing  wavelengths 
(A)  in  units  of  micrometers  which  correspond  to  the  input  DDSTAR  array.  The  spectral 
bandwidth  defined  by  variables  WAVE1  and  WAVE2  on  the  BAND  card  limits  the  band- 
width used  in  system  predictions  regardless  of  the  input  to  XLMBA. 
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Supple  ment  6 
Electronics 


The  system’s  electronics  are  described  by  the  input  on  cards  ELEC,  EMTF,  BMTF, 
VMTX,  and  VMTY.  Default  values  for  cards  BMTF,  VMTX,  and  VMTY  are  listed  in 
Table  D 2.  Default  options  do  not  exist  for  cards  ELEC  and  EMTF.  Since  four  of  these 
cards,  EMTF,  BMTF,  VMTX,  and  VMTY,  represent  component  MTF’s,  the  general  pro- 
cedure for  MTF  data  is  outlined  below.  Deviations  from  the  pen.eral  p;occdure  will  be 
explained  in  the  notes  on  the  individual  variables. 

General  Procedure  for  Inputs  of  MTF’s 


(1)  If  there  is  no  system  degradation  due  to  the  component  (i.e.,  an  MTF  of  100%) 
or  if  the  component  is  not  a part  of  the  system,  input  ten  1.0’s  for  the  array. 

(2)  If  one  is  given  a measured  or  known  MTF,  input  ten  values  off  this  known 
curve  which  correspond  to  the  ten  frequencies  on  FCMR  for  spatial  response  or  FLHZ 
for  temporal  response. 

(3)  If  a predicted  MTF  is  desired,  input  ter,  0.0’s  and  the  reouired  variables  for 
calculations. 

Notes  on  the  individual  variables  on  card  ELEC  follow : 

6.1  CUTOFF,  FELECT  — CUTOFF  is  the  frequency  of  the  3-dB  preamplifier 
eut-on  in  units  of  hertz.  CUTOFF  > 0.0.  Common  values  of  CUTOFF  range  between 
3.0  and  7.0  hertz.  FELECT  is  the  frequency  of  the  3-dB  amplifier  cutoff  in  units  of 
hertz.  FELECT  > 0.0.  Both  inputs  are  illustrated  in  the  following  figure: 


FREQUENCY  (Hz) 


The  value  of  CUTOFF  is  a necessary  input;  however,  FELECT  is  not.  FELECT  is  used 
by  the  program  in  the  prediction  of  the  electronic  MTF,  Section  m,  par.  A3,  MTF, 
Electronics,  equation  (15),  (fc).  The  electronic  MTF  (HEi  ECT)  is  predicted  only  if 


array  XE  on  card  EMTF  is  all  0.0’s.  If  HELECT  i3  not  calculated,  FELECT  is  not  used 
by  the  program  and  may  be  input  as  anything. 

6.2  XY,  XYL  — XY  and  XYL  are  the  angular  subtense  in  object  space  in  the 
x-dircction  and  the  y-direction,  respectively,  of  the  electro-optic  multiplexor  LED.  If 
the  system  has  no  multiplexor,  then  XY  and  XYL  = 0;  otherwise,  XY,  XYL  > 0.0 
and  are  in  units  of  milliradians.  XY  and  XYL  are  used  to  predict  the  LED  filter  function 
(Hled)  in  equation  (17),  (xl. 

6.3  XK,  FMAXF  — XK  is  the  amplitude  of  the  electronic  boost  at  frequency 
FMaXF.  If  the  system  does  not  have  an  electronic  boost,  then  XK  and  FMAXF  = 0.0. 

If  a predicted  boost  MTF  is  desired  as  in  equation  (16),  (H^),  then  XK(K)  > 0, 

FMAXF  (fMAX)  and  FMAXF  is  in  units  of  K hertz.  The  boost  MTF  is  predicted 
only  if  the  array  XB  on  card  BMTF  is  all  0.0’s.  If  a known  noost  MTF  is  input  on 
card  BMTF,  then  XK  = 0.0  and  FMAXF  ~ 0.0. 

Notes  on  card  EMTF  follow: 

6.4  XE  — XE  is  the  MTF  of  the  electronics.  XE  is  an  array  of  10  values  which 
correspond  to  the  increasing  frequencies  of  array  FQQ  on  card  FLHZ.  All  values  of  XE 
must  be  > 0.0.  The  general  procedure  for  input  of  MTF's  is  applicable.  The  required 
input  for  method  (3)  of  the  general  procedure  is  FELECT  on  card  ELEC.  The  predicted 
MTF  is  calculated  by  equation  (lb).  There  is  no  default  option. 

Notes  on  card  BMTF  follow: 

6.5  XB  — XB  is  the  MTF  of  the  electronic  boost.  XB  is  an  array  of  10  values 
which  correspond  to  the  increasing  frequencies  of  array  FQQ  on  card  FLHZ.  All  values 
of  XB  must  be  > 0.0.  The  general  procedure  tor  input  of  MTF’s  is  applicable.  The  re- 
quired inputs  for  method  (3)  of  the  general  procedure  are  XK  and  FMAXF  on  card 
ELEC.  The  predicted  MTF  is  calculated  by  equation  (16).  The  default  option  in  Table 
D2  is  to  assign  all  1.0’s  to  the  array  BMTF. 

Notes  on  cards  VMTX  and  VMTY  follow: 

6.6  XTV,  YTV  - XTV  and  YTV  are  the  MTF’s  of  the  vidicon  in  the  x-direction 
and  y-direction,  respectively.  Both  XTV  and  YTV  are  arrays  of  10  values  which  cor- 
respond to  the  increasing  spatial  frequencies  of  array  FQ  on  card  FCMR.  All  values  of 
XTV  and  YTV  must  be  > 0.0.  Methods  (1)  and  (2)  of  the  general  procedure  for  input 
of  MTF’s  apply.  Method  (3)  does  not  exist  as  an  option,  i.e.,  there  is  no  option  to 
predict  the  MTF  of  the  vidicon.  The  default  option  in  Table  D2  is  to  assign  all  1.0’s 
to  the  arrays  XTV  and  YTV. 
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Supplement  7 
Display 

Three  display  options  exist  to  the  user  of  the  thermal  model:  a CRT  display,  a 
LED  display,  or  no  display.  In  each  case,  the  MTF  of  the  dijplay  is  calculated  by  the 
program  in  both  spatial  dimensions.  Presently,  there  is  no  available  method  to  directly 
input  a display  MTF,  For  overscan  on  the  display,  see  Supplement  10.  Notes  on  indi- 
vidual parameters  of  the  DISP  card  follow: 

7.1  KKK  — KKK  indicates  the  type  of  display.  Three  correct  inputs  exist: 

• 0.0  = CRT  display.  Based  on  the  assumption  of  a gaussian  spot  sb.e  and  a gaussian 
transfer  function,  the  display  MTF  is  calculated  in  Section  ID,  par.  A4,  MTF,  Display, 
equation  (18),  which  is 


I1CRT  (f)  = EXP(-af2). 

The  spatial  frequency  f is  in  units  of  cycles/milliradian.  The  variable  a is  defined  in 
7.3. 

• 1.0  = LED  display.  The  MTF  calculation  for  this  display  is  described  in  Section  III, 
par.  A3  and  A4,  MTF,  Electronics  and  Display,  equation  (17). 

• 2.0  = no  display.  An  MTF  of  100%  is  calculated  in  both  spatial  dimensions  for  the 
display.  A warning  is  due  here.  If  the  noise-filler  function  from  the  detector  to  the 
display  HN  (f)  in  Section  III,  par.  C,  MRT,  equation  (26),  does  not  roll  off  in  both  the 
x-direction  and  the  y-direction,  the  computer  program  will  blow  up.  The  noise- 
filtering MTF’s  in  the  x-direction  and  y-direction,  respectively,  are: 

(fx)=  ^ ELECT  ’ * ^VID  ' ^LED  ’ ^LOS  ‘ ^DlSPe^V 

and 


(fy)_  Hviu  ’ **LED  * ^LOS  * HDISPLAY 
where  H£I  ECT  •'  electronic  MTF 

IIfi  = boost  MTF 

H vid  = vidicon  MTF 
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= LED  MTF 


hlf,d 

iiLOs  = stabilization  MTF 
^DISPLAY  = disptay  MTF. 

7.2  BRITE  — BIUTE  is  the  average  display  brightness  from  the  scene  in  units  of 
footlamberts.  The  MTF'of  the  eyeball  is  a function  of  BRITE  (light  level)  as  explained 
ir  Section  HI,  pu:.  A6,  MTF,  Eyeball,  equation  (20)  and  Section  HI,  par.  A6,  Table  3. 
A typical  value  is  10.0  fL. 

7.3  XA,  Y A — 

• If  KKK  - 0.0,  then  XA  and  YA  are  the  inputs  to  the  MTF  calculation  of  the  CRT 
display  in  equation  (18)  (the  value  of  a)  for  the  horizontal  and  vertical  spatial  dimen 
sions,  respectively.  XA  and  YA  are  to  be  calculated  in  the  same  manner  as  ABLUR 
bv  methods  (3)  and  (4)  of  Supplement  3,  par.  3.3.  Acceptable  inputs  are  positive 
and  in  units  of  square  milliradians. 

• If  KKK  = 1.0.  XA  and  YA  are  the  angular  subtense  of  the  LED  in  the  horizontal 
and  vertical  dimensions  then  the  display  MTF  is  a sine  function.  XA  and  Y A are 
the  values  of  x in  equation  (17).  Acceptable  inputs  are  positive  and  in  units  or  milli- 
radians. If  one  is  given  an  MTF  of  an  LED  display,  solve  equation  (17)  by  method 
(3),  ABLUR,  Supplement  3,  par.  3.3. 

• If  KKK  = 2.0,  the  values  of  XA  and  YA  are  overridden. 
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Supplement  8 
System 


Input  variables  on  the  SYST  card  and  the  BAND  card  pertain  to  the  whole  system 
rather  than  to  any  particular  component.  Notes  on  individual  variables  follow: 

8.1  HFOV,  VFOV  — HFOV  and  VFOV  are  the  system's  field  of  view  in  the  hori- 
zontal and  vertical  directions,  respectively.  Both  inputs  must  be  greater  than  0.0  and 
less  than  or  equal  to  360.0  in  units  of  degrees.  In  Section  III,  par.  B,  NEAT,  equation 
(23),  the  number  of  resolution  elements  per  second  is  dependent  upon  the  system’s 
field  of  view.  An  important  check  must  be  made  by  the  user  to  insure  consistency; 

\rvrwi  - # active  raster  lines/frame  x DELTA Y 
OVERSC  x 17.45 


This  is  the  same  relationship  as  stated  ir.  Supplement  4.3.  A change  in  one  variable  will 
affect  another.  One  is  often  given  specifications  for  a particular  atpect  ratio  for  the 
field  of  view.  An  example  of  a chain  of  interactions  which  might  occur  is  if  one  changes 
DELTA Y which  affects  VFOV  which  affects  HFOV  to  maintain  an  aspect  ratio. 

8.2  XMAG  - XMAG  is  the  system’s  magnification.  XMAG  > 0.0.  XMAG  is 
used  in  the  calculation  of  the  eyeball  MTF  of  Section  III,  par.  A6,  MTF,  Eyeball,  equa- 
tion (20),  (M).  The  system  includes  the  device  and  observer;  therefore,  magnification 
is  dependent  on  where  the  observer  is  in  relation  to  the  display.  One  method  to  calcu- 
late XMAG  follows: 


XMAG  = 


display  size  (in.)  x 1000 
viewing  distance  (in.)  x vFOV  x 17.45 


Note  that  a change  in  VFOV  will  affect  XMAG.  However,  since  the  viewing  distance  is 
usually  arbitrary,  there  is  no  need  to  adjust  XMAG  for  every  small  change  in  VFOV. 

8.3  FACT  — FACT  is  the  ratio  of  the  wide  VFOV  to  the  narrow  VFOV  of  a sys- 
tem. Some  systems  operate  in  either  a narrow  field  of  view  or  a wide  field  of  view 
mode.  The  wide  field  of  view  is  usually  preferred  for  a detection  task.  Predictions  for 
recognition  arc  in  the  input  field  of  view  but  predictions  for  detection  are  in  both  the 
input  (usually  narrow) . nd  adjusted  (wide)  fields  of  view.  The  narrow  field  of  view 
system  and  wide  field  of  view  system  differ  in  inputs  of  HFOV,  VFOV,  XMAG, 
DELTAX,  DFXTAY,  FQ,  FNUMB,  XY,  XYL,  XSIGLS,  YSIGLS,  \A,  and  YA  by  a 
constant  factor.  This  constant  is  FACT.  In  order  to  save  the  user  from  making  all 
th<  :se  adjustments  and  running  a second  system,  the  model  automatically  calculates  a 
detection  prediction  based  on  the  wide  field  of  view  system.  FACT  > 0.0.  If  the 
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system  has  only  one  mode  of  operation,  input  FACT  =1.0  and  ignore  the  output  for 
detection  in  the  wide  field  of  view. 

8.4  XNET  — Two  options  exist  for  input  to  XNET: 

(1)  If  the  user  wishes  the  model  to  predict  the  noise  equivalent  temperature 
difference  (NEAT)  hy  the  definitions  of  Section  HI,  par.  B,  NEAT,  then  input  XNET  = 
0.0. 

(2)  If  the  user  wishes  to  specify  the  NEAT  and  not  use  the  model’s  calcula- 
tion, he  may  input  the  value  for  XNET.  XNET  > 0.0  and  in  units  of  degrees  centigrade. 

Inputs  of  the  BAND  card  follow: 

8.5  WAVE1,  WAVE2  — WAVE1  and  WAVE2  define  the  spectral  bandwidth  for 
all  system  and  atmospheric  calculations  executed  by  the  program.  Values  for  WAVE1 
and  WAVE2  are  determined  by  the  operating  spectral  bandwidth  of  the  system  and  are 
in  units  of  micrometers.  iVAVEl  > 2.0  and  WAVE2  < 16.0.  Throughout  this  report, 
wavelength  is  noted  by  X and  the  spectral  bandpass,  by  AX. 
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Supplement  9 
Stabilization 

The  line  of  sight  stabilization  is  discussed  in  Section  III,  par.  A5,  MTF,  Stabiliza- 
tion. Three  input  cards,  STAB,  LSSX,  and  LSSY,  generate  the  stabilization  MTF.  In- 
puts of  LSSX  and  LSSY  follow: 

9.1  XML,  YML  - XML  of  card  LSSX  is  the  array  of  MTF  values  of  the  stabiliza- 
tion in  *he  x direction,  and  YML  of  card  LSSY  is  the  MTF  of  the  stabilization  in  the 
y-direction.  The  arrays  of  MTF  values  correspond  to  the  array  of  spatial  frequencies  on 
card  FCMR.  Acceptable  values  range  from  1.0  to  0.0.  Input  values  of  arrays  XML  and 
YML  need  not  be  the  same.  Three  options  exist  for  inputs  tc  the  XML  and  YML  arrays: 

(1)  If  there  is  no  system  degradation  due  to  the  lack  of  stabilization,  input 
ten  1.0’s;  or  because  the  default  option  is  all  1.0’s,  leave  cards  LSSX  and  LSSY  out  of 
the  data  deck. 

(2)  If  one  is  given  a measured  or  known  stabilization  MTF,  input  ten  MTF 
values  off  this  known  curve  which  correspond  to  the  FQ  array  on  the  FCMR  card 

(3)  If  ten  0.0’s  are  input  for  arrays  XML  and  YML,  an  MTF  which  is  as- 
sumed to  be  gaussian  is  calculated  from  equation  (19j.  Input*  XSIGLS  and  YSIGLS 
replace  p in  equation  (19)  and  are  necessary  inputs  on  card  STAB. 

Inputs  of  the  STAB  card  follow: 

9.2  XSIGLS,  YSIGLS  — XSIGLS,  the  x-direction  vibration  constant,  end  YSIGLS, 
the  y-direction  vibration  constant,  are  necessary  for  the  calculation  of  the  stabilization 
MTF  in  method  (3)  in  par.  9.1.  If  method  (3)  is  not  used  to  generate  the  MTF,  the 
values  or  the  STAB  card  are  overridden.  Default  values  are  XSIGLS  = 0.0  and  YSIGLS 
= 0.0.  XSIGLS  and  YSIGLS  need  not  be  equal  but  must  be  > 0.0  and  in  units  of  square 
milliradians.  Refer  to  Supplement  3.3  and  the  description  of  ABLUR  for  the  method 

to  calculate  XSIGLS  and  YSIGLS. 


Supplement  10 
eye 


EYETM  on  curd  EYEB  is  the  integration  time  ot  the  eye.  It  is  used  in  the  MRT 
predictions  in  Section  HI,  par.  C,  MRT,  equations  (26)  and  (27),  (tE ),  and  in  Section 
III,  par.  D,  MDT,  equation  (28).  Most  model  validation  of  predicted  MRT  versus  mea- 
sured MRT  and  predicted  performance  versus  measured  field  performance  is  based  on 
EYETM  = 0.2  second/frame.  If  there  is  any  overscan  in  the  display,  EYETM  may  be 
something  other  than  0.2.  Overscan  in  the  d'splay  exisis  if,  for  any  scan  of  the  detec- 
tor elements,  the  display  element  is  greater  than  the  detector’s  instantaneous  field  of 
view  in  the  vertical  direction.  The  overscan  in  the  display  is  not  to  be  confused  with  the 
variable  OVERSC,  the  overscan  in  the  IR  field,  in  Supplement  4.3.  The  input  value  of 
EYETM  which  includes  any  overscan  in  the  display  is  calculated  by: 


EYETM  = 0.2  * 


vertical  IFOVLED 
vertical  IFOVDET 


where  the  vertical  IFOVLED  is  the  input  variable  YA  for  an  LED  display  or-  car  d DISP 
and  IFOVdft  *s  the  input  variable  DELTA Y on  card  PETR.  The  default  for  leaving 
card  EYEB  out  of  the  data  deck  is  EYETM  = 0.2. 


Supplement  11 
Program  Cards 

Most  users  should  not  input  cards  SN4B,  FDRP,  FDCI,  FRC3,  snd  FRC4.  If  the 
cards  are  excluded  from  the  data  deck,  the  default  values  in  TaLle  1)2  will  be  substituted. 
The  validation  of  the  model  is  based  on  the  default  inputs.  The  option  to  input  values 
other  than  the  default  is  for  research  purposes  only  but  is  presented  here  for  complete- 
ness. 


11.1  SNR  on  card  SN4B  is  the  threshold  signal-to-noise  ratio  used  in  Section  III, 
par.  C,  MRT,  equations  (26)  and  (27);  (SNR),  and  MDT  predictions  in  Section  III,  par. 

D,  MDT,  equation  (28),  (S').  Validation  performed  to  dute  is  based  on  SNR  = 2.25. 

By  excluding  the  SN4B  card  from  the  data  deck,  the  default  option  sets  SNR  = 2.25. 

1 1.2  Cards  FDRP,  FDCI,  FRC3,  and  FRC4  express  the  relationship  between  prob- 
ability of  recognition  or  detection  and  the  number  of  resolution  ycles  across  a target’s 
critical  o’imensio*;.  The  relationship  is  based  on  the  Johnson  method.  FDRP  contains 
the  decreasing  probabilities  of  recognition  or  detection  which  range  from  1.0  to  0 0. 
FRC3 ana  FRC4  contain  the  number  of  cycies  across  a target  which  are  required  for 
recognition  and  correspond  to  the  probabilities  on  FDRP.  Ai  50%  probability,  tliree 
bars  are  the  default  value  on  FRC3  and  four  bars-  on  FRC4;  the  model  output  describes 
these1  as  optimistic  and  conservative  criteria.  The  Recognition  section  (IV)  in  the  main 
body  of  the  report  considers  other  alternatives.  The  field  to  model  comparisons  in  the 
Validation  section  (VI)  in  the  main  body  of  the  report  are  based  on  the  four-cycle  cri- 
teria, Therefore,  unless  the  user  has  measured  data  supporting  another  criteria,  he 
should  use  the  default  options  of  FRC4  and  FRC3.  Finally,  FDCI  contains  the  number 
of  cycles  required  for  detection.  These  cycles  correspond  to  the  probabilities  on  FDRP. 
The  default  option  in  Table  D2  is  the  same  as  listed  in  Table  V of  the  Detection  section 
(V)  of  the  main  body  of  the  report.  Input  values  on  FDRP  are  in  descending  order,  but 
on  FDCI,  FRC3,  and  FRC4  input  values  ace  in  ascending  order. 

1 1.3  FQ  of  the  FCMR  card  is  an  array  of  ten  spatiel  frequencies  in  units  of  cycles/ 
milliradian.  MTF  values  of  the  optics  input  on  cards  MTOX  and  MTOY,  vidicon  input 
on  cards  VMTX  and  VMTY,  and  stabilization  input  on  cards  LSSX  and  LSSY  must  cor- 
respond to  the  spatial  frequencies  on  FCMR.  Frequencies  must  be  in  ascending  order. 

A default  option  is  listed  in  Table  D2.  If  to  ^iven  MTF’s  are  input  on  any  of  the  above 
card;:,  then  array  FQ  is  not  used.  In  this  ease,  input  any  values  on  FCMR  or  leave  the 
card  out  of  the  data  deck. 

1 1.4  FQO  on  the  FLU 2 card  is  an  array  of  ten  temporal  frequencies  in  leg|0  hertz. 
MTF  values  of  the  detector  response  input  on  cards  DR  OX  and  DROY , electronics  input 
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on  JEMTF,  and  the  boost  input  on  BMTF  must  correspond  to  the  temporal  frequencies 
on  FLH2.  Array  values  must  be  in  ascending  order  on  FLH2.  A default  option  is  listed 
in  Table  D2.  If  no  given  MTF’s  are  input  on  any  of  the  above  cards,  array  FQQ  is  not 
used  and  the  user  may  input  any  values  on  FCMR  or  exclude  the  card  from  the  data 


deck. 
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Supplement  12 

Specialized  Options  and  Diagnostics 

There  are  several  special  options  which  have  been  included  in  the  model.  These 
options  have  to  do  with  environmental  inputs,  measured  MRT  inputs,  and  an  interactive 
terminal  user  mode. 

12.1  ENVIRONMENTAL  INPUTS  - Variable  ISTATE  has  two  other  values  which 
give  special  options.  If  ISTATE  = 31.0,  certain  write  statements  are  set  up  in  the  atmo- 
spheric subroutine  and  the  Beer’s  haw  scattering  option  is  used.  It  must  be  used  with  a 
SCAT  card  (below)  and  IPRINT  (below).  If  ISTATE  = 41 .0,  certain  write  statements 
are  set  up  in  the  atmosphere  subroutine  and  the  Beer’s  haw  total  attenuation  option  is 
used.  It  must  be  used  with  a TOTh  ea-d  and  IPRINT  (below). 

Variable  IPRINT  is  an  option  which  prints  certain  diagnostic  information  di- 
rectly from  the  atmospheric  subroutine.  It  can  also  1h>  used  to  find  out  atmospheric 
constituent  transmission  as  a function  of  w«volength.  IPRINT  is  the  fifth  variable  on 
the  ENV1  card.  It  can  take  on  A values: 

0 or  blank  - no  printout 

1 - abbreviated  printout  listing  initial  conditions  and  absorber  concentrations 

per  kilometer. 

2 — de, ailed  printout  listing  initial  conditions,  absorber  concentrations  per 

kilometer,  and  all  computed  constituent  transmissions  as  a function  of 

wavelength. 

Another  option  is  *o  input  atmospheric  scattering  transmission  per  kilometer 
on  tin*  SCAT  card  where  the  scattering  transmission  is  in  decimal  form  for  any  seven 
wavelengths  within  the  band  in  which  the  system  operates.  A FORI  format  is  required. 
All  seven  fields  must  be  filled  and.  like  the  TOTh  card,  it  requires  the  ATEW  card  or 
uses  the  WAVE  defaults  (see  able  D2).  This  option  allows  the  user  to  directly  input 
scattering  attenuation  (if  any)  and  to  let  the  program  compute  the  attenuation  due  to 
absorption  (li2(),  C()2  , etc.).  Consequently,  an  ENVI  card  is  required  to  initially  define 
the  temperature  and  relative  humidity  unless  the  default  options  are  desired.  The  varia- 
bles R VIS  and  ESTATE  are  always  ignored  when  using  this  option  so  the  rain  and  fog 
models  cannot  be  used  along  with  SCAT. 

12.2  Measured  MRT  — This  option  allows  the  user  to  input  a measured  MRT  for 
performance  calculations.  It  might  be  of  interest  to  a user  who  wishes  to  compare  mea- 
sured MRT  performance  with  predicted  MRT  performance.  Twenty  values  are  needed 
for  an  MRT  Those  correspond  to  specific  frequencies  within  the  spatial  frequency 
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resolution  bund  of  the  device.  The  MKT  values  are  to  be  input  on  the  following  earns: 
MRT1  (fields  1-7),  MKT2  (fields  1-7),  and  MR  T3  (fields  1-6).  These  caul » all  use  the 
FORI  format.  The  selected  MKT  values  must  correspond  to  frequencies  that  the  pro 
gram  will  generate.  These  frequencies  are  defined  by  the  variable  DEI, TAX  on  the  card 
PETR.  Frequency  increments  are  calculated  by 


XI,  = 


1.0 


20.0  DELTA  X 

In  field  one  on  card  MKT1 , a measured  MRT  is  entered  which  corresponds  to  the  spa- 
tial frequency  XL.  In  field  two,  enter  the  measured  MRT  that  corresponds  to  two 
times  XL.  Similarly,  continue  until  fields  1-7  on  card  MRT1  and  MRT2  are  filled  as 
well  as  fields  1-6  on  card  MRT3.  All  MRT  values  should  be  in  units  of  l O'3  ° C. 

The  following  cards  must  be  used  when  inputting  a measured  MRT:  BAND, 
PETR,  SYST,  DSTD,  and  DSTL.  In  addition,  the  ENVI,  TARG,  and  RANG  ciTFds  are 
most  often  included  when  using  this  option.  The  output  listing  is  always  in  the  abbrevi- 
ated format;  however,  the  detection  and  recognition  performance  is  temperature 
dependent. 

12.3  INTER Al'.TIV  E - There  exists  an  ability  to  use  the  thermal  model  in  an 
interactive  mode.  The  interactive  aspects  car.  he  used  with  a CIH  6600  computer  and 
a 4012  Tektronix  terminal.  Subroutine  l NIT  checks  to  find  out  if  the  user  is  running 
batch  or  interactive  mode.  In  order  lo  run  interactive,  the  user  must  give  the  command: 
SWITCH,  1.  1AFLCI  is  the  variable  used  to  indicate  batch  (IAFLG  = 0)  or  interactive 
(I  AT  LG  = 1)  mode.  Subroutine  READF  allows  the  interactive  user  to  input  his  varia 
hies  in  a free-field  format. 

In  order  to  enter  input  data,  the  four-letter  identifier  should  be  entered  first. 
Then,  after  prompting,  all  inputs  may  be  typed  in.  Each  must  be  separated  by  a comma, 
Under  this  format,  decimal  points  may  be  omitted  for  integer  values.  At  the  end  of  tin- 
data  list  associated  with  an  identifier,  a slash  (/)  must  be  entered.  All  program  cards  and 
data  cards  are  entered  in  a similar  manner.  After  the  DONE  card  is  input,  the  program 
begins  execution  and  prints  out  an  input  listing  similar  to  the  computer  printout. 

Before  any  calculations  take  place,  the  program  will  ask  if  any  values  need 
correcting.  Entries  are  corrected  by  first  typing  in  “fix.”  This  command  readies  the 
program  to  receive  corrections.  Next  type  FORI  or  FOR2.  Read  in  the  appropriate 
identifiers  and  associated  values  for  the  variables  to  be  changed.  After  all  changes  have 
been  made,  finish  with  the  usual  ENDS  and  DONE  combination.  When  all  inputs  are 
correct,  enter  “go”  and  the  program  will  execute.  Input  and  output  listings  are  essen- 
tially the  same  as  those  obtained  when  the  program  is  used  non-interactively . Some 
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small  modifications  have  been  made,  however,  go  all  listings  will  easily  fit  on  the  CRT 
display.  Hard  copies  cai.  be  made  directly  from  flit.  CRT  display  when  the  appropriate 
hardware  is  available. 

12.4  DIAGNOSTICS  — There  are  four  diagnostic  messages  that  may  appear  in  this 
version  of  the  thermal  model: 

(1)  Error  has  been  made  on  input  card  — does  not  conform  to  proper 
convention. 

(2)  An  input  system  card  for  FORI  has  not  been  recognized. 

(3)  An  input  system  card  for  F0R2  has  not  been  recognized. 

(4)  Your  input  value  of  XLAMB  is  xxx.xx  and  is  not  inside  ihe  specified 

ranges. 


Error  message  (1)  flags  m invalid  special  input  card.  Error  messages  (2)  and 
t,3)  inform  the  user  ihat  an  attempt  has  been  made'  to  read  an  invalid  identifier  in  either 
the  FORI  or  F0R2  format.  Check  all  identifiers  and  special  input  e rds  against  Tables 
D2  and  D3.  Also  make  sure  that  all  FORI  and  F0R2  formatted  cards  are  behind  their 
appropriate  special  input  card. 

Error  message  (4)  pertains  to  the  variable  XLAMB  on  the  OPTI  card.  Che "k 
Supplement  3 in  order  to  identify  the  problem. 


